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PREFACE. 

IDO  not  pretend  to  give  the  origin  of  Fire¬ 
works,  which  fome  affirm  were  ufed  in  the 
Trojan  war. 

It  is  fufficient  for  me,  that  they  have  flourifhed 
a  long  time,  and  continue  to  do  fo  in  all  polite 
nations.  I  am  fenfible  that  there  are  many 
treatifes  on  this  fubjedf,  but  they  are  imperfedt 
and  erroneous. 

I  have  avoided  prolixity  without  being  obfcure  $ 
my  rules  are  plain,  and  I  have  endeavoured  to 
lead  the  reader  in  the  eafieft  manner,  from  the 
minuteft  circumftances  to  the  higheft,  and  have 
carefully  kept  to  the  fubjcdt.  I  cannot  help  re¬ 
flecting  with  lome  chagrin,  that,  when  we  have 
thefe  diverfions  exhibited,  we  have  moflly  had 
recourfe  to  foreigners;  if  owing  to  our  ignorance 
on  this  fubjedt,  1  fhall  be  happy  4.f  in  my  power 
to  corredt  them. 
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FIREWORKS, 


Sect.  I.— S altpethEi 

SALTPETRE  being  the  principal  ingredient  in  fire¬ 
works,  and  a  volatile  body,  by  reafon  of  its  aque¬ 
ous  and  aerial  parts,  is  eafily  ratified  by  fire  ;  but  not  fo 
foon  when  foul  and  grofs,  as  when  purified  from  its 
crude  and  earthy  parts,  which  greatly  retard  its  velo¬ 
city  ,  therefore,  when  any  quantity  of  Fireworks  are  to 
be  made,  it  fhoiud  be  examined  i  for  if  it  is  not  well 
cleanfed,  and  of  a  good  fort,  your  works  will  not  have 
their  proper  effed:*  neither  will  it  agree  with  the  Handing 
proportions  of  compofitions :  but  to  prevent  accidents 
I  fhall  proceed  with  the  method  of  refining  it. 

\  -i  f  •  .  '  '  :  ’  ■  r-  '  ’  i  f 

To  refine  Saltpetre. 

Put  into  a  copper,  or  any  other  veflel,  looib,  of 
rough  nitre  with  14  gallons  of  clean  water ;  let  it 
boil  gently  half  an  hour  ;  as  it  boils  take  off  the  fcum  5 
then  ihir  it,  and  before  it  fettles  put  it  into  your  filtering 
bags,  which  muft  be  hung  on  a  rack,  with  glazed 
earthen  pans  under  them,  in  which  mufl  be  Hicks  laid 
acrois  lor  the  cryflals  to  adhere  to  j  it  muH  Hand  in  the 
pans  2  or  3  days  to  flioot,  then  take  out  the  cry  Hals  and 
let  them  dry  ;  the  water  that  remains  in  the  pans  boil 
ugain  an  hour,  and  Hrain  it  into  the  pans  as  before^ 
and  the  faltpetre  will  be  quite  clear  and  tranfparent; 
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If  not,  It  wants  more  refining,  to  do  which  proceed  as 
ufual,  till  it  is  well  cleanfed  of  all  its  earthy  parts. 

N.  B.  Thofe  who  do  not  chufe  to  procure  their 
faltpetre  by  the  above  method,  may  buy  it  ready  done, 
which  for  fireworks  in  general  will  do. 

To  pulverife  Saltpetre. 

Take  a  copper  kettle  whofe  bottom  muff  be  fpherical, 
and  put  into  it  141b.  of  refined  faltpetre,  with  2 
quarts  or  5  pints  of  clean  water ;  then  put  the  kettle  on 
a  flow  fire,  and  when  the  faltpetre  is  diflolved,  if  any 
impurities  arife,  ikim  them  off,  and  keep  conftantly 
flirring  it  with  2  large  fpatulas,  till  all  the  water  exhales  ; 
and  when  done  enough,  it  will  appear  like  white  fand, 
and  as  fine  as  flour  ;  but  if  it  fhould  boil  too  faft,  take  the 
kettle  off  the  fire,  and  fet  it  on  fome  wet  fand,  which 
will  prevent  the  nitre  from  flicking  to  the  kettle. 
When  you  have  pulverifed  a  quantity  of  faltpetre,  be 
careful  to  keep  it  in  a  dry  place. 

To  extract  Saltpetre  from  damaged 

Gun-Powder. 

Have  fome  filtering  bags,  hung  on  a  rack,  with  glazed 
earthen  pans  under  them,  in  the  fame  manner  as  thofe 
for  refining  faltpetre  :  then  take  any  quantity  of  damaged 
powder,  and  put  it  into  a  copper,  with  as  much 
clean  water  as  will  cover  it ;  when  it  begins  to  boil 
take  off  the  fcum,  and  after  it  has  boiled  a  few  minutes, 
flir  it  up  ;  then  take  it  out  of  the  copper  with  a  fmall 
hand  kettle  for  that  purpofe,  and  put  fome  into  each 
bag,  beginning  at  one  end  of  the  rack,  fo  that  by  the 
time  you  have  got  to  the  lafl  bag,  the  firft  will  be  ready 
for  more;  continue  thus,  till  all  the  bags  are  full  ; 
then  take  the  liquor  out  of  the  pans,  which  boil  and 
filter,  as  before,  2  or  3  times,  till  the  water  runs  quite 
dear,  which  you  rnufl  let  ftand  in  the  pans  fome  time, 

and 


FIREWORKS.  3 

and  the  faltpetre  will  appear  at  top.  To  get  the  faltpetre 
entirely  out  of  the  powder,  take  the  water  from  that 
already  extracted,  to  which  add  fome  frelh  and  the 
dregs  of  the  powder  that  remain  in  the  bags,  and  put 
them  in  a  veflel,  to  Hand  as  long  as  you  pleafe,  and 
when  you  want  to  extradt  the  nitre,  you  muft  proceed 
with  this  mixture  as  with  the  powder  at  firft,  by  which 
means  you  will  draw  out  all  the  faltpetre;  but  this 
procefs  mult  be  boiled  longer  than  the  firft. 

Sulphur,  or  Brimstone, 

Sulphur  is  by  nature  the  food  of  fire,  and  one  of  the 
principal  ingredients  in  gunpowder,  and  almoft  in  all 
compofitions  of  fireworks  ;  therefore  great  care  muft  be 
taken  of  its  being  good,  and  brought  to  the  higheft 
perfedtion.  To  know  when  the  fulphur  is  good,  you 
are  to  oblerve  that  it  is  of  a  high  yellow,  and  if,  when 
held  in  one's  hand,  it  crackles  and  bounces,  it  is  a  fign 
that  it  is  frelh  and  good  :  but  as  the  method  of  reducing 
brimftone  to  a  powder  is  very  troublefome,  it  is  better 
to  buy  the  flour  ready  made,  w  hich  is  done  in  large 
quantities,  and  in  great  perfedtion  :  but  when  a  grand 
colledtion  of  fireworks  are  to  be  made,  the  ftrongeft 
and  beft  fulphur  is  the  lump  brimftone  ground  in  the 
fame  manner  as  gunpowder,  which  you  w  ill  find  in  the 
following  part. 

To  prepare  Charcoal  for  Fireworks. 

Charcoal  is  a  prefervative  by  which  the  faltpetre 
and  the  brimftone  is  made  into  gun-powder,  by  prevent¬ 
ing  the  fulphur  from  fuffbeating  the  ftrong  and  windy 
exhalation  of  the  nitre.  There  are  feveral  forts  of  w  ood 
made  ufe  of  for  this  purpofe-,  fome  prefer  hazle,  others 
willow  and  alder;  but  there  being  fo  little  difference,  you 
may  ufe  either,  which  is  moft  convenient  to  be  got. 
And  the  method  of  burning  it  is,  Cut  it  in  pieces 
about  i  or  i  feet  long,  then  fplit  each  piece  in  4  parts; 
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fc  il.e  off  the  bark  and  hard  knots,  and  dry  them  ill  the 
fun  Or  in  an  oven,  then  make  in  the  earth  a  fquarehole, 
and  line  it  with  bricks,  in  which  lay  the  wood,  eroding 
one  another,  and  fet  on  fire ;  when  thoroughly  light¬ 
ed  and  in  a  flame,  cover  the  hole  with  boards,  and  fling 
earth  over  them  clofe,  to  prevent  the  air  from  getting  in, 
yet  fo  as  not  to  fall  among  the  charcoal  ;  and  when  it 
has  lain  thus  24  hours,  take  out  the  coals  and  lay  them 
in  a  dry  place  for  ufe»  It  is  to  be  obferved,  that  char¬ 
coal  for  fireworks  muff  always  be  foft  and  wTell  burnt, 
which  may  be  bought  ready  done* 

To  make  Artificial  Camphor. 

Camphor,  in  the  Materia  medica,  is  a  body  of  a 
*c  particular  nature,  being  neither  a  refin,  a  volatile 

fait,  an  oil,  a  juice,  a  bitumen,  or  a  gum,  but  a 
u  mixed  fubffance,  dry,  white,  transparent  and  brittle, 
“  of  a  ffrong  and  penetrating  fmelL  The  Indians  difi 
&6  tinguifh  two  kinds  of  it,  a  finer  and  a  coarfer;  the 
*e  finer  is  the  produce  of  Borneo  and  Sumatra,  is  very 
44  rare,  and  is  hardly  ever  fent  into  Europe  ;  the  coarfer 
**  is  the  Japonefe,  which  is  the  common,  both  in  the 
44  Indies  and  in  Europe* 

“  The  camphor,  which  we  meet  with  in  {hops,  is 
*c  alfo  of  2  kinds,  differing  in  regard  to  the  degree 
“  of  their  purity,  and  diftinguifhed  by  the  name  of 
*6  Rough  and  Refined.  The  tree,  which  produces  cam* 
*6  phor,  is  a  fpecies  of  bay  tree,  every  part  of  which 
“  abounds  with  camphor  *  but  is  not  collected  from 
u  it  in  the  manner  of  refins,  but  by  a  fort  of  chemical 
44  procels.  — *  1  he  natives  of  the  place  where  the  trees 
<c  grow,  cut  the  wood  and  roots  into  fin  all  pieces, 
41  and  put  them  into  large  copper  veflels,  which  they 
u  cover  with  earthen  heads,  filled  with  ftraw  ;  they 
44  give  a  moderate  fire  under  them,  and  the  camphor  is 
44  raifed  in  form  of  a  white  downy  matter,  and  retained 
€t  among  the  ftraw ;  when  the  procefs  is  over,  they 
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“  Ffihke  it  out  of  the  ftraw,  and  knead  it  into  cakes5 

“  Thefe  cakes  are  not  very  compaCt.  but  eafilv  crum’ 

-  bled  to  pieces ;  they  are  moderately  heavy,  of  a 

“  greyifli  or  dufky.reddifh  white  in  colour,  of  a  pun- 

“  gent  frr'e11  and  acrid  tafte,  and  what  we  call  roue-h 
<c  camphor.  ° 

“  Refined  camphor  muff  be  chofen  of  a  perfectly 
“  clean  white  colour,  very  bright  and  pellucid,  of  the 
“  *ame  fmell  and  tafte  with  the  rough,  but  more  acrid 
“  and  pungent.— It  is  fo  volatile  that  merchants  ufually 
“  inclofe  it  in  lin-feed,  that  the  vifcofity  of  that  grain 
“  may  keep  its  particles  together.”  & 

There  is  alio  an  aitificial  camphor  for  fireworks, 
which  is  made  from  gum  fandarach  pulverifed  2  pound’, 
and  diftilled  vinegar  enough  to  cover  it  *,  put  them 
in  a  gla*s  phial,  and  let  it  20  days  in  warm  horfedung. 
.i  hen  take  it  out,  and  pour  it  into  a  large-mouth  phial  t 
and  expofe  it  to  the  fun  a  month,  and  you  will  have  a 
concreted  camphor  in  form  of  the  cruft  of  bread,  and 
fomething  like  the  natural  camphor  :  which  when  you 
ufe  muft  be  ground  to  a  powder  with  a  little  fpirits  of 
wine  in  a  mcrtar.  Though  we  have  here  taught  the 
method  of  making  artificial  camphor,  I  would  not 
recommend  it  to  thofe  who  chufe  to  make  their  works 
to  perfection,  the  natural  camphor  being  by  far  the 
beft. 

To  make  the  Oil  of  Camphor, 

AV  hich  is  fomeiimes  ufed  to  moiiten  corn  portions. 
It  is  produced  by  adding  to  fome  camphor  a  little  oil  of 
fweet  almonds,  and  working  them  together  in  a  brails 
mortar,  till  it  turns  to  a  green  oil. 

N.  B.  Thofe  works  that  have  any  camphor  in  their 
compolitions,  fhould  be  kept  as  much  from  air  as  pof- 
fible,  or  the  camphor  will  evaporate. 
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Benjamin. 

Benjamin  is  a  refin  (much  ufed  by  perfumers,  and 
fometimes  in  medicine) ;  it  is  brought  from  the  Indies, 
where  it  is  found  of  different  forts ;  and  diftinguifhed 
by  colours,  viz.  yellow,  grey,  and  brown  ;  but  the 
beff  is  that  which  is  eafy  to  break  and  full  of  white  fpots. 

Benjamin  is  one  of  the  ingredients  in  odoriferous  fire¬ 
works,  when  reduced  to  a  fine  flour ;  which  may  be 
done  by  putting  into  a  deep  and  narrow  earthen 
pot,  3  or  4  oz.  of  benjamin  grofsly  pounded  ;  cover  the 
pot  with  paper,  which  tie  very  clofe  round  the  edge  ; 
then  fet  the  pot  on  a  flow  fire,  and  once  in  an  hour  take 
off  the  paper,  and  you  will  find  fome  flour  flicking  to 
it,  which  return  again  in  the  pot,*  this  you  mufi  con¬ 
tinue  till  the  flour  appears  white  and  fine.  There  is 
alfo  an  oil  of  benjamin,  which  is  fometimes  drawn  from 
the  dregs  of  the  flour  ;  it  affords  a  very  good  fcent,  amd 
may  be  ufed  in  wet  compofitions. 

o  rigin  of  Gun-powder. 

Gun-powder  being  the  principal  ingredient  in  fire¬ 
works,  it  is  proper  to  give  a  fhort  definition  of  its  flrange 
explofive  force,  and  caufe  of  adlion,  which,  according 
to  Dr.  Shaw,  the  chemical  caufe  of  the  explofive  forqe 
of  gun-powder,  is,  “  Each  grain  of  powder  confifting 
“  of  a  certain  proportion  of  fulphur,  nitre,  and  coal, 
<c  the  coal  prefently  takes  fire,  upon  contact  of  the 
8i  fmalleft  fpark :  at  which  time  both  the  fulphur  and 
“  the  nitre  immediately  melt,  and  by  means  of  the  coal 
“  interpofed  between  them,  burft  into  flame ;  which 
*f  fpreading  from  grain  to  grain,  propagates  the  fame 
“  effedt  almofl  inflantaneoufly  :  whence  the  whole  mafs 
te  of  powder  comes  to  be  fired ;  and  as  nitre  contains 
4‘  both  a  large  proportion  of  air  and  water,  which  are 

now  violently  rarified  by  the  heat,  a  kind  of  fiery 

“  explofive 
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“  explofive  blaft  is  thus  produced,  wherein  the  nitre 
u  feems,  by  its  aqueous  and  aerial  parts,  to  adt  as  bel- 
“  lows  to  the  other  inflammable  bodies,  fulphur  and 
coal,  to  blow  them  into  a  flame,  and  carry  off  their 
“  whole  Fubftance  in  fmoke  and  vapour/1 

After  having  fpoke  of  the  nature  of  powder,  I  fhali 
in  the  next  place  proceed  to  its  origin,  though  ^  fome- 
what  uncertain ;  but  it  is  imagined  to  have  been  invent¬ 
ed  in  the  time  of  Alexander  the  Great,  as  Philoftratus 
fpeaks  of  a  city  near  the  river  Hypafis  in  the  Indies,  that 
was  faid  to  be  impregnable,  and  its  inhabitants  relations 
of  the  gods,  becaufe  they  threw  thunder  and  lightning 
on  their  enemies  ;  but  this  perhaps  might  be  the  effedfc 
of  gun-powder,  which,  not  being  known  to  other  peo¬ 
ple,  might  well  be  faid  to  be  thunder  and  light¬ 
ning.  . 

This  conjedlure  has  been  confirmed  by  fome  travel¬ 
lers,  who  affert  that  it  was  ufed  in  the  Eaft-Indies,  par¬ 
ticularly  in  the  Philippine  Iflands,  about  85?  which 
is  1265  years  before  it  was  known  in  Europe,  where 
they  fay  it  was  not  known  till  1350,  though,  it  is  faid, 
there  is  mention  made  of  gunpowder  in  the  regiflers  ot 
the  chambers  of  accounts  in  France,  in  1338;  and 
Friar  Bacon  mentions  the  compofition  of  powder  in  ex- 
prefs  terms,  in  his  treatife  De  nullitate  magiae,  publifh- 
ed  at  Oxford  in  1 2 1 6  ;  but  we  find  from  moft  accounts, 
that  the  Germans  have  the  honour  of  the  inven¬ 
tion.  .  . 

I  fhould  give  a  defcription  of  a  machine  for  trying 
gun-powder,  but  they  are  fo  common,  it  would  be 
needlefs ;  yet  would  have  all  who  pradtife  this  art 
know,  that,  when  they  make  fky  rockets  with  powder, 
it  mull  be  of  the  bell  kind  ;  but  as  to  wheels,  and 
other  common  works,  any  will  do,  only  be  careful  it  ia 
quite  dry. 
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Compofitions  for  Gun-powder  of  dif¬ 
ferent  kinds. 

Having  treated  of  the  nature  of  powder,  and  its 
origm,  !  fliall  give  the  proportion  of  each  ingredient, 
it  being  proper  that  every  one  who  ufes  powder,  fliould 
know  of  what  it  is  compofed  Therefore,  I  fliall  fet 
down  the  feveral  compofitiens  mentioned  in  Cafimir 

oiemienowicz’s  grand  art  of  artillery,  in  which  there 
are  fix  forts,  viz. 


I. 

II. 

III. 

IV. 

V. 

Vi. 


f  25lb.l  < 

y  Saltpetre  too  lb.  fulphur  J 

18  lb.  1 

*  2  lb.  j>and  coal  j 
20lb.  | 

1 5  lb.  I 

Uolb.J 

20  lb* 
15  ib. 
24 1  be 

18  lb* 
81b. 


r  >  rauncs,  ipeaKs  ot  a  compofion 

gun-powder,  which  is,  to  30  lb.  of  faltpetref  add 
5  lb.  of  fuJphur,  with  as  much  coal :  but  the  proportions 
of  the  feveral  ingredients  are  to  be  found  belt  by  ex¬ 
perience  Though  there  has  been  fomuch  practice  in 
making  powder,  there  has  not  yet  been  afcertained  a  Hand¬ 
ing  proportion  of  the  nitre,  fulphur,  and  coal ;  but  it  is 
hoped  that  in  time  this  great  and  noble  invention  will 
be  much  improved,  and  that  the  different  and  belt 
quantity  of  every  ingredient  will  be  afcertained.  At  the 
powder  mills  they  generally  allow  for  wafting,  in  making 
up,  1  §  lb.  in  ioo.  Their  mixture  for  100  of  good 

and  derv>d  u7°  7f  1  ^  °ffaltPetre-  well  refined 
a  ,.  diyd’,  12  5lb-  of  coal,  and  as  much  fulphur, 

which  makes  ioif  lb.  which  when  worked  up  will 

nearly  weigh  100.  As  gun-powder  is  capable  of  being 

improved,  I  fliall  not  omit  any  particular  that  may  bf 

of  ervice  to  fuch  as  are  willing  to  make  experiments  • 

S  ^ned  Saltpetre  5  lb.  fulphur  ilb.4oz,  and  char! 

y  2,  OZ, 
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Though  you  may  have  a  good  proportion  of  ingredients, 
the  powder  will  not  always  be  the  fame:  much  depends 
on  their  being  well  incorporated,  corned  and  dry’d,  the 
method  of  which  will  be  taught  in  the  next  article. 

To  reftore  damaged  Gun-powder  to  its 

proper  ftrength. 

It  is  certain,  that,  if  powder  is  kept  long  in  a  damp 
place,  it  will  become  weak,  and  great  part  formed  into 
hard  lumps,  a  fure  fign  of  its  being  damaged.  When 
powder  is  thus  found,  you  will  fee  at  the  bottom  of 
the  barrel  fome  faltpetre,  which,  by  being  wet,  will 
feparate  from  the  fulphur  and  coal,  and  fall  to  the  bot¬ 
tom  of  the  vefTel,  and  fettle  in  the  form  of  a  white 
downey  matter;  but  the  only  method  to  prevent  this, 
is  to  move  the  barrels  as  oft  as  convenient,  and  place 
them  on  their  oppofite  hdes  or  ends :  but  though  the 
greateft  care  be  taken,  length  of  time  will  greatly  leifen 
its  primitive  ftrength. 

Therefore  when  any  of  thefe  accidents  happens,  you 
may  recover  it  by  applying  to  thefe  directions ;  for  ex¬ 
ample,  if  you  imagine  that  it  has  not  received  much 
damage,  proceed  thus.  Spread  it  on  canvas,  or  dry 
boards,  and  expofe  it  to  the  fun,  then  add  to  it  an  equal 
quantity  of  good  powder,  and  mix  them  weli,  and, 
when  thoroughly  dry,  barrel,  and  put  it  in  a  dry  and 
proper  place.  Rut  if  gun-powder  is  quite  bad,  the 
method  to  reflare  it  is ;  firft,  you  mud  know  what 
it  weighed  wrhen  good  ;  then,  by  weighing  it  again, 
you  find  how  much  it  has  loft  by  the  feparation  and 
evaporation  of  the  faltpetre ;  then  add  to  it  as  much  re¬ 
fined  faltpetre,  as  it  has  wafted,  but  as  a  large  quantity 
of  this  would  be  difficult  to  mix,  it  will  be  beft  to  put 
a  proportion  of  nitre  to  every  2® lb.  of  powder;  when 
done,  put  one  of  thefe  proportions  into  your  mealing 
table,  and  grind  it,  till  you  have  brought  it  to  an  im¬ 
palpable  powder,  then  force  it  with  a  fine'  neve;  but  if 

any 
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any  remain  In  the  fieve  that  will  not  pafs,  return  It  to 
the  table,  and  grind  it  again,  till  you  have  made  it  all 
iine  enough  to  go  through  ;  being  thus  well  ground  and 
lifted,  it  mud;  be  made  into  grains  thus :  firft  you  muft 
have  fome  (copper  wire  fieves)  made  to  what  fize  you 
intend  the  grains  fhould  be ;  thefe  are  called  corning 
fieves  or  grainers,  which  fill  with  the  powder  com- 
pofition,  then  fhake  them  about,  and  the  powder  will 
pafs  through  the  fieve,  formed  into  grains.  Having 
thus  corned  it,  fet  it  to  dry  in  the  fun  ;  and  when  quite 
dry,  fearce  it  with  a  fine  hair  fieve,  to  feparate  the  dull 
from  the  grains.  This  dull  may  be  worked  with  an¬ 
other  mixture  ;  fo  that  none  will  be  wafted  :  but  fome- 
times  it  may  happen,  that  the  weight  when  good  can¬ 
not  be  known ;  in  which  cafe  add  to  each  lb.  i  oz.  or 
i  |  oz.  of  faltpetre,  according  as  the  powder  is  decayed, 
and  then  grind,  lift,  and  granulate  it  as  before. 

N.  B.  If  you  have  a  large  quantity  of  powder,  that 
is  Very  bad,  and  quite  fpoiled ;  the  only  way  is  to  ex- 
tfa<T  the  faltpetre  from  it,  according  to  the  ufual  man¬ 
ner  :  for  powder  thus  circumftanced,  will  be  very  dif¬ 
ficult  to  recover. 

Silent  Powder,  commonly  called  White 

Powder. 

It  would  be  rather  abfurd  to  imagine,  that  it  is  pof- 
fible  for  gun-powder  to  have  any  effe(ft  without  fome 
report,  when  it  is  well  known,  that  the  found  does  not 
proceed  from  the  powder  only,  but  from  the  air  being 
rarified  by  the  expanlion  of  it. 

It  is  evident,  that  any  compolition  a  effing  with  the 
fame  explofive  force,  will  produce  the  fame  effect,  in 
every  refpeft.  Yet  for  fuch  I  never  had  any  proof,  nor 
ever  knew  any  experiment  made  of  it,  but  have  fo  little 
faith  in  if,  that  I  Ihould  not  have  given  it  a  place  in 
this  work,  had  it  not  been  treated  of  by  fome  authors 
of  note  j  and  at  the  fame  time  giving  every  one,  who 
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is  fond  of  this  art,  all  opportunities  of  making  experi¬ 
ments,  and  of  knowing  every  thing  relating  to  it. 

To  make  Silent  Powder. 

For  the  firft  fort,  mix  2  lb.  of  borax,  with  4  lb.  of 
gun-powder, 

2  d.  Add  fib.  of  lapis-calaminaris,  and  Jib*  of  borax, 
to  2  lb.  of  powder. 

3d.  To6ib.  of  gun-powder  |  lb.  of  calcined  moles, 
with  as  much  borax  of  Venice. 

4th.  To  6  fib.  of  faltpetre,  8  fib.  of  fulphur,  and 
|  lb.  of  the  fecond  bark  of  an  elder  tree,  burnt  and 
ground  to  a  powder,  with  2  lb.  of  common  fait. 

There  are  many  other  methods  of  making  iilent  pow» 
der,  according  to  report,  by  uling  camphor  or  touch- 
wood  inftead  of  charcoal,  or  by  adding  to  the  common 
powder  burnt  paper,  hay  feed,  &c.  When  any  of  thefe 
ingredients  are  to  be  mixed  with  common  powder,  grind 
tjhem  together,  and  make  them  into  grains. 

Gun-powder  of  different  Colours. 

Notwithftanding  the  repeated  trials  and  experiment®, 
made  by  the  greateft  artifts,  to  add  to  the  ftrengtb  of 
gun-powder,  all  have  proved  ineffectual,  and  raoft  have 
agreed  that  the  prefent  powder  will  not  admit  of  a  fourth 
ingredient ;  therefore  it  is  evident,  that  any  thing  being 
mixed  with  the  prefent  compofition  would  rather  reduce 
its  ffrength  than  add  to  it ;  confequently  coloured  pow¬ 
der  muft  be  weaker  than  black  :  fo  that  the  making  of 
powder  of  different  colours,  is  only  a  fancy  that  ferveg 
to  pleafe  the  curious,  without  any  other  effect. 

To  make  Gun-powder  white. 

To  61b.  of  falt-petre,  add  1  lb.  of  the  pith  of  an  elder 
tree,  well  dried  and  pulverifed,  with  a  fufficient  quan¬ 
tity 
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tity  of  brim  Hone  to  make  it  into  powder,  which  you 
will  find  in  the  compofition  of  gun-powder,  or  i  oz.  of 
the  fait  of  tartar,  calcined  till  it  comes  white,  and  then 
boiled  in  clear  water,  till  the  water  is  all  evaporated. 

To  make  Powder  red. 

Boil  in  water  fome  brafil  wood  or  Vermillion  and  i  lb. 
of  chopped  paper ;  and,  when  boiled  for  fome  time  to 
draw  out  the  colour,  dry  and  meal  it  with  i  lb.  of  ful~ 
phur,  and  8  lb  of  faltpetre. 

Or,  to  61b,  of  faltpetre,  i  lb,  of  fulphur,  and  -|  lb.  of 
amber,  and  blood  ftone  i  lb. 

To  make  Yellow  Powder. 

Take  81b.  of  faltpetre*  i  lb.  of  fulphur,  and  i  lb.  of 
wild  faffron,  that  has  been  boiled  in  aqua  vita*,  and  af¬ 
terwards  made  dry  and  mealed. 

To  make  Green  Powder.  .  * 

Boil  2  lb.  of  rotten  wood,  with  fome  verdegreafe  in 
aqua  vitas,  then  dry  and  pound  it,  and  mix  it  with  i  lb* 
of  fulphur,  and  iolb.  of  faltpetre. 

To  make  Blue  Epwder. 

Boil  fome  indigo  in  aqua  vitas,  with  i  lb.  of  the  bark  of 
a  young  linden  tree,  then  dry  and  reduce  it  to  a  powder, 
and  mix  it  with  i  lb.  of  brimflone,  and  8  lb.  of  faltpetre.  * 

To  make  Pul  vis  Fulminans,  or  Thunder 

in  a  Room. 

This  compofition  is  fimple,  yet  has  a  very  curious 
effect ;  it  is  made  3  parts  of  faltpetre,  2  of  fait  of  tartar, 
and  1  of  fulphur,  all  ground  to  a  fine  powder,  and  well 
mbct.  As  the  effedt  of  this  powder  is  quite  different  from 

that 
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that  of  gun-powder,  fo  is  there  a  different  method  of 
firing  it,  which  is  thus :  Put  about  2  tea  fpoonfulls  of 
it  into  a  fire-fliovel,  or  iron  ladle,  and  fet  it  over  a 
flow  fire,  and  when  it  is  quite  hot,  it  will  go  off  with  a 
violent  report.  There  is  fomething  furprifing  in  the 
nature  of  this  compofition  ;  for  as  the  common  powder 
aCts  every  way  equal,  and  makes  the  greatefl:  noife  when 
confined,  this,  on  the  contrary,  aCts  only  downwards, 
and  makes  the  ftrongefi:  report  when  not  confined. 

There  is  another  fort  of  fulminating  powder,  called 
fulminans  aurum,  on  account  of  there  being  gold  mixed 
in  its  compofition,  which  is  done  by  a  chemical  prepa¬ 
ration  ;  but  as  the  preparing  of  the  ingredients  requires  a 
tedious  and  expenfive  procefs,  I  fhall  omit  the  method  of 
doing  it,  and  let  thofe  who  chufe  to  make  chemical  ex¬ 
periments  refer  to  authors  on  that  fubject,  by  whom 
they  will  find  the  manner  of  making  it.  It  is  faid  one 
grain  of  fulminans  aurum,  when  made  to  perfection* 
and  held  on  the  point  of  a  knife,  over  a  candle,  will 
snake  a  report  louder  than  a  mufket. 

Sect.  II. — -—Spur-Fire. 

f’TTtHIS  fire  is  the  moft  beautiful  and  curious  of  any 
yet  known,  and  was  invented  by  the  Chinefe,  but 
now  is  in  greater  perfection  in  England  than  in  China, 
As  it  requires  great  trouble  to  make  it  to  perfection,  it 
will  be  neceffary  that  beginners  fhould  have  full  inflruc- 
fions ;  therefore  care  fhould  be  taken  that  all  the  ingre¬ 
dients  are  of  the  belt,  that  the  lamp-black  is  not  damp 
and  clodded,  that  the  laltpetre  and  brimftone  are  tho¬ 
roughly  refined.  This  compofition  is  generally  rammed 
in  1  or  2  ounce  cafes,  about  3  or  6  inches  long,  but  not 
drove  very  hard ;  and  the  cafes  muft  have  their  concave 
ffroke  ft  ruck  very  fmooth,  and  the  choak  or  vent  not 
quite  fo  large  as  the  ufual  proportion;  this  charge,  when 
driven  and  kept  a  few  months,  will  be  much  better  than 

when 
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when  rammed,  but  will  not  fpoil,  if  kept  dry,  in  many 

years. 

As  the  beauty  of  this  compofition  cannot  be  feen  at 
fo  great  a  diftance  as  brilliant  fire,  it  has  a  better  effedt 
in  a  room  than  in  the  open  air,  and  may  be  fired  in  a 
chamber  without  any  danger :  it  is  of  fo  innocent  a  nature, 
that,  though  with  an  improper  phrafe,  it  may  be  called 
a  cold  fire j  and  fo  extraordinary  is  the  fire  produced  from 
this  compofition,  that,  if  well  made,  the  fparks  will  not 
burn  a  handkerchief,  when  held  in  the  midi!  of  them ; 
you  may  hold  them  in  your  hand  while  burning,  with  as 
much  fafety  as  a  candle  ;  and  if  you  put  your  hand  within 
a  foot  of  the  mouth  of  the  cafe,  you  will  feel  the  fparks 
like  drops  of  rain.  When  any  of  thefe  fpur-fires  are 
fired  fingly,  they  are  called  artificial  fiowrer  pots  *,  but 
fome  of  them  placed  round  a  tranfparent  pyramid  of 
paper,  and  fired  in  a  large  room,  make  a  very  pretty 
appearance. 

Compofition  for  the  Spur-fire. 

Saltpetre  4lb.  8  oz.  fulphur  2  lb.  and  lamp-black  1  lb. 
8  oz. 

Or,  faltpetre  i  lb.  fulphur  Jib.  and  lamp-black  4 quarts. 

The  fpur-fire  compofition  being  very  difficult  to  mix, 
and  the  manner  of  doing  it  quite  different  from  any  other, 

I  fhall  here  treat  of  it  feparately ;  for  example,  the  falt¬ 
petre  and  the  brimftone  muff  be  firft  lifted  together,  and 
then  put  into  a  marble  mortar,  and  the  lamp-black  with 
them,  which  you  work  down  by  degrees,  with  a  wooden 
peftle,  till  all  the  ingredients  appear  of  one  colour,  which 
will  be  fomething  greyiih,  but  very  near  black ;  then 
drive  a  little  into  a  cafe  for  trial,  and  fire  it  in  a  dark 
place ;  and  if  the  fparks,  which  are  called  ftars,  or  pinks, 
come  out  in  clufters,  and  afterwards  fpread  well  without 
any  other  fparks,  it  is  a  fign  of  its  being  good,  otherwife 
not ;  for  if  any  droffy  fparks  appear,  and  the  ftars  not 
full,  it  is  then  not  mixed  enough  j  but  if  the  pinks  are 

very 
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very  fmall,  and  foon  break,  it  is  a  fign  that  you  have 
rubbed  it  too  much* 

N.  B.  This  mixture,  when  rubbed  too  much,  will  be 
too  fierce,  and  hardly  fhew  any  ftars }  and,  on  the  con- 
trary,  when  not  mixed  enough,  will  be  too  weak,  and 
throw  out  an  obfcure  fmoke,  and  lumps  of  drofs,  with¬ 
out  any  ftars.  The  reafon  of  this  charge  being  called 
the  fpur-fire,  is  becaufe  the  fparks  it  yields  have  a  great 
refemblapce  to  the  rowel  of  a  fpur,  from  whence  it  takes 
its  name* 


Characters  to  the  Ingredients  ufed  in 

Fireworks. 
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Their  life  is,  that  by  them  the  receipts  may  be  con¬ 
tracted,  fo  that  they  may  be  contained  in  a  leaf  of  a 
pocket  book,  which  is  much  lefs  than  any  table  that 
has  yet  been  invented.  And  they  are  convenient  for 
travellers. 

To  meal  Gun-powder^  Brimstone,  and 

Charcoal. 

There  have  been  many  methods  ufed  to  grind  thefc 
ingredients  to  a  powder  for  fireworks,  fuch  as  large  mor¬ 
tars  and  peftles,  made  of  ebony,  and  other  hard  wood  ; 
and  horizontal  mills  with  brafs  barrels  ;  but  none  have 
proved  fo  effectual  and  fpeedy  as  the  laft  invention,  that 
of  the  mealing  table,  reprefented  in  Plate  L  Fig.  L  made 
of  elm,  with  a  rim  round  its  edge,  4  or  5  inches  high ; 
and  at  the  narrow  end.  A,  is  a  llider,  that  runs  in  a 
groove  and  forms  part  of  the  rim  ;  fo  that  when  you  have 
taken  out  of  the  table,  as  much  powder  as  you  can, 
with  the  copper  fhovel  Fig.  2.  fweep  all  clean  out  at  the 
llider  A.  When  you  are  going  to  meal  a  quantity  of 
powder,  obferve  not  to  put  too  much  in  the  table  at  once  ; 
but  when  you  have  put  in  a  good  proportion,  take  the 
mullet.  Fig.  3.  and  rub  it  till  all  the  grains  are  broke  ; 
then  fearce  it,  in  a  lawn  fieve  that  has  a  receiver  and  top 
to  it ;  and  that  which  does  not  pafs  through  the  fieve, 
return  again  to  the  table  and  grind  it,  till  you  have  brought 
it  all  fine  enough  to  go  through  the  fieve..  brimfione 
and  charcoal  are  ground  in  the  fame  manner,  only  the 
muller  mull:  be  made  of  ebony  ;  for  thefe  ingredients, 
being  harder  than  powder,  would  flick  in  the  grain  of 
elm,  and  be  difficult  to  grind ;  as  brimftone  is  apt  to 
flick  and  clod  to  the  table,  it  will  be  bell  to  keep  one 
for  that  purpofe,  by  which  means  you  will  always  have 
your  brimftone  clean  and  well  ground. 


To 
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To  prepare  Cast-Iron  for  Gerbes,  White 
Fountains,  and  Chinefe  Fire. 

Caff-iron  being  of  fo  hard  a  nature,  as  not  to  be  cut 
by  a  file,  we  are  obliged  to  reduce  it  into  grains,  though 
fomewhat  difficult  to  perform;  but  if  we  confider  what 
beautiful  fparks  this  fort  of  iron  yields,  no  pains  ihould 
be  fpared  to  granulate  fuch  an  effentlal  material,  to  do 
■w  hich,  get  at  an  iron  foundry  fiome  thin  pieces  of  iron,  fuclx 
as  generally  runs  over  the  moulds  at  the  time  of  calling  : 
then  ha\e  a  fquare  block  made  of  call  iron,  and  an  iron 
fquare  hammer  about  4  lb.  weignt;  then,  haying  covered 
the  floor  with  cloth,  or  fomething  to  catch  the  beatings, 
lay  the  thin  pieces  of  iron  on  the  block,  and  beat  them 
with  the  hammer,  till  reduced  into  fmall  grains,  which 
afterwards  fearce  with  a  very  fine  fieve,  to  feparate  the 
fine  dull,  which  is  fometimes  ufed  in  fmall  cafes  of  bril¬ 
liant  fire,  inflead  offteelduft;  and  when  you  have  got 
out  all  the  duff,  fift  what  remains  with  a  fieve  a  little 
larger,  and  fo  on  with  fieves  of  different  fizes,  till  the  iron 
pafies  through  about  the  bignefs  of  fmall  bird  fiiot :  your 
iron  thus  beat  and  lifted,  put  eacn  fort  into  wooden  boxes 
or  oiled  paper,  to  keep  it  from  ruffing.  When  you  ufe 
it,  obfervethe  difference  of  its  fize,  in  proportion  to  the 
cafes  for  w7hich  the  charge  is  intended ;  for  the  coarfe 
fort  is  only  deiigned  for  very  large  gerbes,  of  6  or  8  lb* 

Charges  for  Sky-Rockets,  &c. 
Rockets  of  Four  Ounces. 

Mealed  powuer  a  lb.  402.  faltpetre  4  oz,  and  char¬ 
coal  2  oz. 


C 


Rockets 


A 
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Rockets  of  Eight  Ounces, 

I.  Mealed  powder  i  lb.  faltpetre  4  oz.  brimftone  3  oz> 
and  charcoal  1  oz.  and  §. 

II,  Meal  powder  1  lb.  and  },  and  charcoal  4  oz.  and  4. 

Rockets  of  One  Pound. 

Meal  powder  2  lb.  faltpetre  8  oz.  brimftone  4  oz.  char¬ 
coal  2  oz.  and  fteel  filings  1  oz.  and  £. 

Sky  Rockets  in  general. 

I.  Saltpetre  41b. brimftone  1  lb.  and  charcoal  ilb. 

II.  Saltpetre  <flb.  brimftone  1  lb.  J.  charcoal  lib. 

1 2  oz.  and  meal  powder  2  oz. 

■  •  •'  •-  •  '  '  ■/  '  '  r.'i-  ,  . 

t  •  -  '  ‘  : 

Large  Sky  Rockets*  j 

Saltpetre  4  lb.  meal  powder  xlb.  and  brimftone  1  lb. 

Compofitions  to  be  ufed  in  Rockets  of 

a  middling  fize. 

I.  Saltpetre  8  lb.  fulphur  3  lb.  meal  powder  3  lb. 

II.  Saltpetre  3  lb.  fulphur  2  lb.  meal  powder  xlb.  char- 
coal  1  lb. 

■  ■  -  /  -  -<1  .  f 

Compositions  for  Rocket  Stars. 

White  Stars. 

Meal  powder  4  oz.  faltpetre  1 2  oz.  fulphur  vivuni 
6  oz.  oil  of  fpike  2  oz.  and  camphor  5  oz.  j 

Blue  Stars. 

Meal  powder  8  oz.  falpetre  4>  fulphur  29  fpirits  of 

wine  2 9  and  oil  of  fpike  2. 

[  - 

Coloured 


Coloured,  or  variegated  Stars. 

Meal  powder  8  drams,  rochpetre  40Z.  fulphur  vivunv 
2*  and  camphor  2. 

Brilliant  Stars. 

Saltpetre  3  |  oz.  fulphur  i|,  and  meal  powder 
Worked  up  with  fpirits  of  wine  only. 

Common  Stars. 

Saltpetre  ilb.  brimftone  4  02.  antimony  4 ifinglafs  f, 
camphor  and  fpirits  of  wine  j. 

Tailed  Stars. 

Meal  powder  3  oz.  brimftone  2,  faltpetre  i,  and  char- 
coal  (coarfely  ground)  J. 

Drove  Stars. 

I.  Saltpetre  31b.  fulphur  ilb.  brafe  duft  12  oz.  anti* 
mony  3. 

II.  Saltpetre  ilb.  antimony  4  oz.  and  fulphur  8. 

Fixed  Pointed  Stars. 

Saltpetre  8  f  oz.  fulphur  2*  antimony  1  oz.  10  dr. 

Stars  of  a  Fine  Colour. 

Sulphur  1  oz.  meal  powder  r,  faltpetre  i9  camphor 
4  dr.  oil  of  turpentine  4  dr. 

Gold  Rain  for  Sky  Rockets. 

I.  Saltpetre  i  lb.  meal  powder  4  oz.  fulphur  4*  brafs 
duft  1 5  faw  duft  2  J,  and  glafs  duft  6  dr. 

II.  Meal  powder  12,  oz.  faltpetre  charcoal  4. 

C  2  III. 


*.  artificial 

HI.  Saltpetre  8  oz.  brimftone  2,  glafs  dull  I,  and; 
jnony  brafs  duft  J,  and  faw  dull;  1 2  dr. 

Silver  Rain. 

I.  Saltpetre  4  oz.  fulphur,  meal  powder,  and  anti¬ 
mony,  of  each  2  oz.  fal  prunella  |  oz. 

II.  Saltpetre  alb.  brimftone  *  oz.  and  charcoal  4, 

III.  Saltpetre  ilb.  brimftone  *lb.  antimony  6  oz. 

IV.  Saltpetre  4  oz.  brimftone  1,  powder  2,  and  iteej 

duft  I  oz. 

Water  Rockets. 

I.  Meal  powder  61b.  faltpetre  4,  brimftone  3,  char-, 

Il/saltpetre  ilb.  brimftone  4'f  oz.  charcoal  6. 

III.  Saltpetre  ilb.  brimftone  4  oz.  charcoal  x z  oz. 

IV.  Saltpetre  4lb.  brimftone  ilb.  8  oz.  charcoal  ilb. 

1 2  OZ.  , 

V.  Brimftone  zlb.  faltpetre  41b.  and  meal  powder  4. 

VI.  Saltpetre  ilb.  meal  powder  4  oz.  brimftone  8  f, 

charcoal  2.  ,  .  „  r 

VII.  Meal  powder  ilb.  faltpetre  3,  brimftone  1. lea- 

coal  1  oz.  charcoal  8  f s  faw  dun  I  >  Heel  duft  f >  and 

coarfe  charcoal  I  oz.  ,  .  x 

VIII.  Meal  powder  1  Ilb.  faltpetre  3f  iuiphur  1  zr 

fharcoal  12  oz.  faw  duft  2. 

Sinking  Charge  for  Water  Rockets. 

Meal  powder  8  oz.  charcoal  4  oz® 

Wheel  Cafes  from  2  oz.  to  4.1b. 

I.  Meal  powder  2lb.  faltpetre  4  oz.  iron  filings  7. 

II.  Meal  powder  zlb.  faltpetre  12  oz.  fulphur  4,  Reel 

dUIIh 'Meal  powder  4lb.  faltpetre  ilb.  brimftone  Soz. 
charcoal  4  §.  .y^ 
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IV.  Meal  powder  8  oz.  faltpetre  4,  law  duft  1  f,  fea- 

coal  |.  ...  .,3 

V.  Meal  powder  ilb.  4  oz.  brimftone  4  oz.  10  dr. 
faltpetre  8  oz.  glafs  duft  sf. 

VI.  Meal  powder  12  oz*  charcoal  x,  faw  dull  f. 

VII.  Saltpetre  ilb.  9  oz.  brimftone  4 oz.  charcoal  4I. 

VIII.  Meal  powder  2lb.  faltpetre  i,  brimftone  f,  and 
feacoal  2  oz. 

IX.  Saltpetre  2lb.  brimftone  1,  meal  powder  4 ?  and 
glafs  dull  4  oz. 

X.  Meal  powder  ilb.  faltpetre  2  oz.  and  fteel  duft 

XI.  Meal  powder  2 lb.  and  fteel  duft  2  f  oz.  with 
2  I  of  the  fine  duft  of  beat  iron. 

XII.  Saltpetre  alb.  1 3  oz.  brimftone  8  oz,  and  char¬ 
coal  6, 

Slow  Fire  for  Wheels. 

I.  .  Saltpetre  4  oz.  brimftone  2,  and  meal  powder  i  f® 

II.  Saltpetre  4  oz.  brimftone  1^  and  antimony  1  oz. 

6  dr. 

III.  Saltpetre  4  f  oz.  brimftone  1  oz.  and  mealed 
powder  if. 

Dead  Fire  for  Wheels. 

I.  Saltpetre  i  }  oz.  brimftone  lapis-calaminaris  f, 
and  antimony  2  dr. 

Standing  or  fixed  Cafes. 

I.  Meal  powder  41b.  faltpetre  2,  brimftone  and  char¬ 
coal  i.  ; 

II.  Meal  powder  sib.  faltpetre  j,  and  fteel  duft  8  oz. 

III.  Meal  powder  ilb.  4  oz.  4md  charcoal  4  oz. 

IV.  Me?  1  powder  ilb.  and  fteel  duft  4  oz. 

V.  Meal  powder  2  fib.  brimftpne  ,4  oz.  and  fea  coal  6. 

VI.  Meal  powder  3  lb.  charcoal  5  oz.  and  faw 
duft  Af. 

C  3  ■  -Suit 


Sun  Cafes. 

.  ;  ;  ,  * '  •  '•  •  >•  W  :  .  <  -  ...  .  .  ...  .  ,j  ;  ,  '  /j/v  .  t 

I.  Meal  powder  8|lb.  faltpetre  i  lb.  i  oz.  fteel  duft 
2lb.  lofoz.  brimftone  4. 

II.  Meal  powder  31b.  faltpetre  6  oz.  and  fteel 
duft  7f. 

A  Brilliant  Fire. 

Meal  powder  i2lb.  faltpetre  1,  brimftone  4  oz.  fteel 
duft  i  fib. 

Gerbes. 

Meal  powder  61b.  and  beat  iron  2  lb.  1  f  oz. 

Chinefe  Fire. 

Saltpetre  12  oz.  meal  powder  2lb.  brimftone  j  lb-  2  oz. 
and  beat  iron  1 2  oz. 

Charge  for  Four-ounce  Tourbillons. 

Meal  powder  zlb.  4  oz.  and  charcoal  4 f  oz. 

Eight-ounce  Tourbillons. 

Meal  powder  alb.  and  charcoal  4  J  oz. 

Large  Tourbillons. 

Meal  powder  2 lb.  faltpetre  1,  brimftone  8  oz.  and 
beat  iron  8. 

N.  B.  Tourbillons  may  be  made  very  large,  and 
©f  different  colour’d  firesj  only  you  are  to  obferve,  that 
the  larger  they  are,  the  weaker  muft  be  the  charge  1 
and,  on  the  contrary,  the  fmaller,  the  ftronger  their  j 
charge. 

Water  Balloons. 

I.  Saltpetre  41b.  brimftone  2,  meal  powder  2,  anti¬ 
mony  4  oz.  faw  duft  4,  and  glafs  duft  1 1, 


II. 
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II.  Saltpetre  91b.  brimftone  3  lb.  meal  powder  61b. 
rofin  12  oz.  and  antimony  8  oz. 

Water  Squibs. 

I.  Meal  powder  1  lb.  and  charcoal  1  lb. 

II.  Meal  powder  1  lb.  and  charcoal  9  oz. 

Mine  Ports  or  Serpents. 

* 

I.  Meal  powder  i lb.  and  charcoal  i  oz. 

II.  Meal  powder  9  oz.  charcoal  1  oz. 

Port-fires  for  firing  Rockets,  &c. 

I.  Saltpetre  12  oz.  brimftone  40Z.  and  meal  powder 

II.  Saltpetre  8  oz.  brimftone  4  oz.  and  meal  powder 

2  OZ. 

III.  Saltpetre  i  lb.  2  oz.  meal  powder  i|lb.  and 
brimftone  10  oz.  This  compofition  muft  be  moiftened 
with  one  gill  of  linfeed  oih 

IV.  Meal  powder  6  oz.  faltpetre  2 lb.  2  oz.  and 

brimftone  10  oz.  . 

V.  Saltpetre  ilb.  4  oz.  meal  powder  4  oz.  brimftone 

c  oz.  law  duft  8  oz. 

VI.  Saltpetre  8  oz.  brimftone  2  oz.  and  meal  pow¬ 
der  2  oz.  ; 

Port-fires  for  Illuminations. 

Saltpetre  i  lb.  brimftone  8  oz.  and  meal  powder  6  oz. 

Cones  or  Spiral  Wheels. 

Saltpetre  i  §  lb.  brimftone  6  oz.  meal  powder  1 4  oz. 
and  glafs  duft  14  oz. 

Crowns  or  Globes. 

Saltpetre  6  oz.  brimftone  %  lb.  antimony  4  oz.  and 
camphor  2  oz.  .  . 
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Air  Balioon  Fuzes, 

I.  Saltpetre  ilh.  looz.  biimftone  8  oz.  and  meal 
powder  i  lb.  6  oz. 

II.  Saltpetre  i  f  ib.  brimllone  8  oz.  and  meal  pow« 
der  i  lb.  8  oz. 


Serpents  for  Pots  des  Brins. 

Meal  powder  l  ib,  8  oz.  faltpetre  12  oz,  and  char¬ 
coal  2  oz. 


Fire  Pumps. 

I.  Saltpetre  5  lb.  brirnftohe  i  lb.  meal  powder  1  f  ib. 
and  glafs  dull  i-l}>. 

II.  Saltpetre  5  lb/ 8  oz.  Brim  done  2I0.  meal  powder 
lib.  8  oz.  and  glafs  dull  1  lb.  8  oz, 

.  '  ’  -  •’  "•  '•  -  !  *  ■  '  "r  *  l  . 
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,  ‘  ‘  -  -  '  -  '  ■  *  v)  -•  #  ‘  -  ;  *-  =  •  5  t  ' 

A  Slow  White  Flame. 

I.  Saltpetre  2  lb.  fulphur  31b.  antimony :  1  lb* 

II.  Saltpetre  3  f  lb.  fulphur  2  fib.  meal  powder  1  lb. 
antimony  §  lb.  glafs  dull  4  oz.  brafs  dull  1  oz. 

N*  B.  Thefe  compolitions,  driven  i  f  inch  in  a  1  oz. 
cafe,  will  burn.  1  minute,  which  is  much  longer  time 
than  an  equal  quantity  of  any  compaction,  yet 
known,  will  laft. 

■  ■;  :■  !  .  ■  ■  -  j-r<v  .5 

Amber  Lights. 

Meal  powder  9  oz.  amber  3  oz.  This  charge  may 
be  drove  in  fmall  cafes,  for  illuminations. 


Lights  of  another  Kind. 

Saltpetre  3  lb.  brimflcne  1  lb.  meal  powder  1  lb. 
antimonyTo  f  oz,  All  thefe  fmilt  be  mixed  with  the 

a  am  m*  o  «  •"  - - 


fireworks. 


A  Red  Fire. 

Meal  powder  31b.  charcoal  12  oz.  and  favv  dull 
8  oz. 

A  Common  Fire. 

Saltpetre  3  it.  charcoal  10  oz.  and  brimftone  2  oz. 

To  make  an  Artificial  Earthquake. 

Mix  the  following  ingredients  to  a  palle  with  water, 
and  thin  bury  it  in  the  ground,  and  in  a  few  hours  the 
earth -will  break  and  open  in  feveral  places.  The  com- 

pofitioh:  Sulphur  41b.  and  fteel  dud  qltv 

$  '  « 

$  «•  * 

>„  * 

Haying  laid  down,  under  the  preceding  heads,  the 
different  compositions  ufed  in  fireworks  by  our  modern 
artifts ?;  I  ftiall,  in  the  next  place,  give  fome  tables  of 
charges  that  were  formerly  ufed,  according  to  the 
feveral  accounts  given  by  ;thofe  authors  from  whom  they 
are  collected :  but.if  the :  reader  will  conlider,  he  will 
find  the  charges'  in  thefe  tables  to  be  very  Uncertain,  by 
comparing  their  method  of  determining  the  fize  and 
weight  of"  rockets,  and  the  proportions  of  ingredients 
thereto,  with  the  method  taught  in  this  work, ,  which 
is  fo  plain,  eafy,  and  certain,  that!  never  yet  knew  it 
fail;  hnd  doubt  not,  but  that  it  will  be  fo  allowed  by 
all  who  chute  to  make  the  trial. 

The  fubfeqitent  table  is  taken  from  Siemienowicz, 
wherein'  are  fpecided  the  different  charges  offky  rockets, 
from  \  oz.  to  100  lb. ;  the  charges  being  calculated  in 
proportion  to  the  weight  of  a  leaden  ball  of  the  flame 
diameter  as  the  bore  of  each  mould ;  which  bores  are 
divided  into  inches  and  lihes,*  and  each  line  into  x  2  =*= 
parts,  according  to  the  French  method. 

.  •  '  if  •>  \  \  ^  '  .  !  j  ’  i  A  -V.  j(|  9j  4  >  k  *.  ‘ 

*  A  line  is  the  i  athwart  of  an  inch, 
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Charges  for  Rockets,  &c. 
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Mould's 

weight. 

diam. 

Jb.  oz. 

in.  1.  ,,ts. 

1 

2 

0  6 
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0  7 

2 

0  9 

3 

on  < 

4 

1  0 

5 

1  1 

6 

I  I  I 

7 

I  2 

f  '  >  I 

1  3 

9 

1  3  1 

JO 
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11 

1  5 

12 

1  5 

•'  i  •  i 

1  6 

14 

i  6 

l6 

*  7 

2  0 

2  0 

3  0 

2  3 

4  0 

5  0 

2  6 

2  B 

6  0 

2  10 

8  0 

3  2 

10  0 

3  5 

12  0 

3  7  1 

15  0 

3  “ 

17  0 

4  i 

20  0 

4  4 

27  0 

4  9 

30  0 

4  11 

40  0 

5  5 

60  0 

6  3 

0 

0 

0 

w 

7  5 

Pow- 

den 


>b.  oz. 


>  o 
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7\ 
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1 2 
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o 
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3 
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18  o 
o  o 


1} 

4  I 
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o 

o 

o 


61 


! 


o 

o 

o 


o  o 


0  o 


0  o 


Salt¬ 

petre. 

Brim-  1 
ftone. 

lb.  oz. 

lb.  oz. 

0  0 

0  0 

6  2 

P  1 

0  12 

!  '"*■>  $  .  ■  - 

0  4 

1  '  • 

*  '  ■  ;  ‘  ,  ’ 

. 

'  --  .  , 

0 

00 

2  O 

60  0 

i  20 

64  0 

8  0 

3S  0 

5  0 

62  0 

9  0 

32  0 

80 

64  0 

12  0 

Us) 

0 

© 

7  0 

1 

0 

0 

c*! 

1  *0  0 

Char¬ 

coal. 


lb.  oz. 


o  2 

o  1 


©  1 


4  o 
1 5  o 


16  © 


10  o 

20  O 


16  O 
16  0 


18  O 
20  O 


1 1 
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TAB.  II. 

Rocket,  &c.  Charges. 

From  a  late  French  author*,  who  regulated  his 
charges  according  to  the  interior  diameter  of 
the  mould ,  divided  into  lines. 


Interior  di¬ 
ameter  of 
the  mould. 

Rocket’s 

Weight. 

Saltpe¬ 

tre. 

Brim- 

ftone. 

* 

Char- 

coal. 

Lines. 

lb. 

oz.  dr.  j 

ounces. 

ounces. 

ounces. 

6 

O 

0  4I 

►  >.  f  .  • 

- 

>  i }  f  ?  v 

f 

y 

•  -  O 

"  fl''  ^  -  j 

44 

16 

8 

O 

1  u 

■ 

:y  •>,  '  :  :  .. 

9 

O 

1  51 

'  * 

* 

IO 

O 

2  2> 

40 

yt_ 

5 

16 

1 1 

O 

3  °J 

V 

* 

^  y  t»  ■ 

1  -- 

12 

O 

3  71 

is  : 

O 

+  ;  6. 

I 

38  1 

4 

14 

O 

6  ij 

i 

' 

15 

O 

7  41 

'j 

16 

O 

9  1 

1 

!> 

36 

4 

l6 

17 

O 

1 1  0 

t 

1 

is 

0 

13  n 

V  ^ 

19 

0 

?5  4 

34 

4 

l6 

191 

I 

0  0 

:4 

21 

I 

7  1 

1  "■ 

24  : 

I 

*5  1 

* 

32 

5 

l6 

30 

4 

O  O 

1 

36 

6 

9  °h 

30 

6 

18 

72 

55 

8  oj 

Jr 

*  Twite  des  feux  d’artifice,  par  M.  F****. 
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The  charges  adapted  to  the  weight  of  corn  po¬ 
rtion  in  each,  after  Hanzelet’s  method, 
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Compofi-  * 
tion  Wt. 

%  if 
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i? 

: 

Powder 
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i 
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i  .  •  S' 

Brim- 

ftone. 
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lb.  dz. 

lb.  oz. 

lb.  oz. 
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$ 

lb.  oz. 

lb*  oz. 

'4 

O  b| 

£  ” 

o  4 

5  f  ' 
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s 

\ 

0  1 
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% 

I  o 

O  if 

©  if 
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o  4 

0  1 
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or. 
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t  /  v  . 

0  4 
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°  3 
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j* 

O  I 

©  3 
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0  3i 

l  o 
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3  °  I 

6  o  i 

7  o  • 

[  s  ' 

, 

1  14 
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0  11 

10  0 
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From  Henrion5  whofe  method  is  as  in  the  pre- 


or 

a* 


n  M 


Compofi- 
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JP'bwder 
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Brim- 

ilone. 
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I 
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f  0  3.1 
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Charges  for  Sky-Rockets, 

From  M.  de  Saint  Remy,  improved  by  M.  F***. 

*  ‘  5  *•  |  '  I;a 

<  •  '  ’’  - ;  ■  i  a  -  1  ->  ‘  f  '■  “  -  - 

Compofltion  for  a  Rocket  of 


2  lb.  |  1  lb.  f  f  lb.  I  4  oz. 

|  1 1  OZ. 

CORRECTED 

i  X'-t'  j 
-- , .  :  t  !;  f- 

ByM. 

*  * 

: 

F***,  ilb. 

It  oz. 

7  1  oz- 

6  oz.  5 dr. 

i  oz.  5  dr, 

"i 

.-Mu** 

lb.  oz. 

lb.  oz. 

lb.  oz. 

oz. 

oz. 

Povr.  2  0 

1  0 

1  4 

5 

8  or  9 

Saltp.  1  0 

12 

12 

* 

1 

5 

Brimft.  5 

2 

1 

j 

Chare.  4 

3 

1 

1  or  1 

Steel-d.  2 

2  j 

-i 

Mould  Height,  in  Inches. 

9  j  in.  |  S  f  |  7  f  1  7  |  4  i 

Diameter,  in  Inches  and  Lines, 
lin.  7I.  J  15  j  1  3  |  12  |  9  lines 

French  Names  for  Sky  Rockets. 

DouWe  Mar-  *  Marquife.  *  Grofie  de-  j  Department.  I  FuficdcGaiUe 

I  i  partemcBt  |  * 

}  '  I  ’ 

Remarks 
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Remarks  on  the  foregoing  T ables. 

In  the  firft,  we  find  that  the  compofitions  for  all  rock¬ 
ets  under  i  lb.  are  made  chiefly  of  gunpowder  and 
charcoal,  which  method  has  been  long  proved  erroneous 
in  many  refpedts :  firft,  that  rockets  made  with  fuch 
charges  will  not  keep  long  without  fpoiling  ;  fecondly, 
that  they  aie  very  uncertain  in  performing  their  proper 
effect ;  thirdly,  they  will  carry  but  a  Ihort  tail,  with  a 
black  and  fmoaky  fire. 

We  alio  find  thofe  charges  for  rockets  above  i  lb* 
that  are  compcfed  of  faltpetre,  brimftone,  and  charcoal, 
to  be  too  ftrong  ;  by  which  we  fhould  imagine  that,  at 
the  time  when  they  were  ufed,  the  piercers  did  not  bear 
the  fame  proportion  to  the  rockets,  as  thofe  ufed  by 
our  prefent  artifts ;  as  it  is  on  the  fize  of  the  cavity  in 
the  compofition,  that  the  effect  of  the  rocket  and  pro¬ 
portion  of  the  charge  depends :  wThich  I  lhall  endeavour 
to  fhew  hereafter. 

Table  II.  is  given,  by  the  author,  as  an  improvement 
on  the  firft;  wherein  he  takes  notice  of  the  charges 
being  too  many  in  number;  he  has  therefore  reduced- 
them  to  7,  wThich,  according  to  his  opinion,  are 
fufficient  for  rockets  of  any  fize:  he  alfo  obferves,  that 
the  ingredients  are  expreffed  in  unequal  quantities ; 
which  he  has  likewife  laid  down  in  a  more  regular 
order.  By  the  fame  author’s  account,  rockets  were 
made  in  France,  not  many  years  fince,  with  the  com¬ 
pofitions  mentioned  in  his  table.  1  lhall  not  here  pre¬ 
tend  to  fay,  that  rockets  were  not  made  with  the  charges 
given  in  the  faid  table ;  yet  can  affirm,  by  experience, 
that  feveral  of  them  will  not  agree  with  our  prefent 
moulds. 

As  to  the  method  prefcribedin  tables  III.  and  IV.  it  is 
difficult  to  determine  whether  we  lhall  praife  or  condemn 
them,  as  they  were  wrote  when  the  art  of  making  fire- 
works  was  in  its  infancy;  as  may  be  feen  by  their 
ftrange  method  of  determining  the  proportion  of  ingre¬ 
dients. 
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dients,  and  weight  of  rockets,  by 'the  quantity  of  com- 
pofition  contained  in  each  cafe;  which  mult  have 
required  a  very  nice  calculation  ;  for  at  that  time  they 
had  not  fixed  upon  an  exact  length  for  rockets,  but 
made  them  from  6  to  9  diameters  long :  all  which  dif¬ 
fer  fo  milch  from  our  modern  practice,  that  1  never 
thought  it  worth  the  trouble  of  making  a  trial ;  but  am 
of  opinion,  that  very  few  of  the  charges  will  anfwer. 

In  the  fifth  Table,  the  com  petitions  are  in  proportion 
to  the  weight  of  the  rocket,  with  its  head  and  flick,  all 
complete  ;  which  head  and  flick  are  equal  to  the  weight 
of  the  rocket,  according  to  the  improvement  made  by 
M.  F#**,  as  in  the  fecond  column  from  the  top  :  he  has 
alfo  added  the  diameters  to  the  moulds,  in  proportion 
to  their  height,  allowing  each  6  diameters,  which  fup- 
pofing  to  be  right,  the  rockets  will  be  nearly  reduced  to 
f  their  weight  given  in  the  firfl  column.  On  the 
charges  in  this  table  I  have  made  no  experiment,  there¬ 
fore  cannot  recommend  them  as  proof. 

Having  given  a  variety  of  charges  for  fky-rockets,  in 
the  preceding  tables,  which  are  collected  from  the 
principal  authors  on  this  fubjedt,  together  with  remarks, 
I  fhall,  in  the  next  place,  according  to  my  promife  of 
not  omitting  any  thing  that  may  be  of  fervice  to  the 
reader,  add  fome  compofitions  for  rocket-ftars  of  feveral 
colours,  as  inferted  by  former  authors. 

Compofitions  for  Stars  of  different  Colours.- 

I.  Meal  powder  4  oz.  faltpetre  2  oz.  brimflone  20Z. 
Heel  dull  1  §  oz.  and  camphor,  white  amber,  antimony, 
and  mercury-fublimate,  of  each  |  oz. 

II.  Rochepetre  iooz.  brimflone,  charcoal,  .antimony, 
meal  powder,  and  camphor,  of  each  J  o Z.  moiftened 
with  oil  of  turpentine.  Thefe  compofitions  are  made 
into  liars,  by  being  worked  to  a  pafte  with  aqua  yita?, 
in  which  has  been  diffolved  fome  gum-tragacanth  ;  and 
after  you  have  rolled  them  in  powder,  make  a  hole 
through  the  middle  of  each,  and  firing  them  on  quick- 
match,  leaving  about  2  inches  between  each. 
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liL  Saltpetre  8  oz.  bnmPone  2  oz.  yellow  amber  i  oz® 
antimony  i  oz.  and  powder  3  oz. 

[V  Brimftone  2  J  oz*  faltpetre  6  oz.  olibanum  or 
frankincenfe  in  drops  4  oz. ;  maftick,  and  mercury- 
lublimate,  of  each  4  oz.  meal  powder  oz.  white 
amber,  }ellow  amber,  and  camphor,  of  each  i  oz. 
antimony  and  orpiment  §  oz.  each. 

V.  Saltpetre  1  lb.  brimftone  |  lb*  and  meal  powder 
8  oz,  moiftened  with  potrolio-oih 

\  1.  Powder  §  lb.  brimftone  and  faltpetre,  of  each 
4  oz. 

\  II.  Saltpetre  4  oz.  brimftone  2  oz.  and  meal  pow¬ 
der  1  oz. 

Stars  that  carry  Tails  of  Sparks. 

I.  Brimftone  o  oz.  antimony  crude  2  oz.  faltpetre 
4  oz.  and  rofin  4  oz. 

II.  Saltpetre,  roiin,  and  charcoal,  of  each  2  oz, 
onmltone  1  oz.  and  pitch  1  oz. 

Thefe  compoPtions  are  fometimes  melted  in  ap  earthen 
pan,  and  mixed  with  chopped  cotton-match,  before 
they  are  rolled  into  Pars,  but  will  do  as  well  if  wetted, 
and  wo  need  up  in  the  ujfual  manner. 

Stars  that  yield  feme  Sparks. 

I.  Camphor  2  oz.  faltpetre  1  oz.  meal  powder  r  oz. 

II.  Saitpetie  1  oz.  ditto  melted  f  oz.  and  camphor 
2  oz.  When  you  would  make  Pars  of  either  of  thefe 
compoiitions,  you  muft  veer  them  with  gum  water,  or 
pint  of  wine,  in  wnich  has  been  diflblved  feme  o-um- 
arabick,  or  gum-tragacanth,  that  the  whole  may  "have 
the  coufiftence  of  a  pretty  thick  liquid;  having  thus 
done,  take  1  oz.  of  lint,  and  Pir  it  about  in  the  com- 
pofition  till  it  becomes  dry  enough  to  roll  into  Pars. 

Stars  of  a  ydlowifh  Colour. 

_Ja,ke,  4  °z:  g  gum-tragacanth  or  gum-arabiefe, 
pounded  and  fnted  through  a  fine  fieve,  camphor  diflblved 
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in  brandy  2  oz.  faltpetre  ilb.  fulphur  \  lb.  coarfe  pow*> 
der  of  glafs  4  oz.  white  amber  1  i  oz.  orpiment  2  oz. 
Being  well  incorporated,  make  them  into  liars  after  the 
common  method. 

Stars  of  another  Kind. 

Take  ilb.  of  camphor,  and  melt  it  in  a  pint  of  fpmt 
of  wine  over  a  flow  fire  ;  then  add  to  it  1  lb.  of  gum- 
arabick  that  has  been  diffolved ;  with  this  liquor  mix  1  lb. 
of  faltpetre,  6  oz.  of  fulphur,  and  5  oz.  of  meal  pow¬ 
der  ;  and  after  you  have  ftirred  them  well  together,  roll 
them  into  liars  proportionable  to  the  rockets  tor  which 
you  intend  them. 

Colours  produced  by  the  different  Com- 

portions. 

As  variety  of  fires  adds  greatly  to  a  colle&ion  of  works, 
it  is  neceffarv  that  every  artift  fhould  know  the  different 
effedfc  of  each  ingredient  i  for  which  teafon,  I  Ihall 
here  explain  the  colours  they  produce  of  themfelves  ? 
and  likewife  how  to  make  them  retain  the  fame  when 
mixed  with  other  bodies  i  as  for  example,  fulphur  gives 
a  blue,  camphor  a  white  or  pale  colour,  ialtpetre  a 
clear  white,  yellow  amber  a  colour  inclining  to  yellow, 
fal-armoniac  a  green,  antimony  a  reddifh,  rofin  a  cop-  ; 
per  colour,  and  greek-pitch  a  kind  of  bronze  or  be¬ 
tween  red  and  yellow.  All  theie  ingredients  ate  fuch 

as  fhew  themfelves  in  a  flame,  viz. 

»  .  ' 

White  Flame. 

1 

Saltpetre,  fulphur,  meal  powder,  and  camphor ;  the  , 
faltpetre  mull  be  the  chief  part. 

Blue  Flame. 

Meal  powder,  faltpetre,  and  fulphur  vivum  ;  fulphur 

rnuft  be  the  chief :  or,  meal  powder,  faltpetre,  brim- 

flone, 
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ftone,  fpirit  of  wine,  and  oil  of  fpike ;  but  let  the  pow- 
der  be  the  principal  part.  * 


Flame  inclining  to  Red. 


S- 


-  aapetre,  fulphur,  antimony,  and  greek-pitch  *  Salt¬ 
petre  the  chief.  * 

By  the  above  method  may  be  made  various  colours  of 
fire  as  the  pratfritioner  pleafes  ;  for,  by  making  a  few 

trials  he  may  caufe  any  ingredient  to  be  predominan 
m  colour. 


when 


Ingredients  that  £hew  in  Sparks 
rammed  in  choaked  Cafes. 

.  The/et  “lours  of  fire  produced  by  fparks  are  divided 
into  4  forts,  viz.  the  black,  white,  grey,  and  red:  the 
black  charges  are  compofed  or  2  ingredients,  which  are 
meal  powder  and  charcoal;  the  white  of  i,  viz. 
laltpetre,  fulphur,  and  charcoal;  the  prey  of  •  viz* 
meal  powder,  laltpetre,  brimftone,  and  charcoal  •  and 

duft  red  01  V1Z‘  meal  P°wder’  charcoal,  and  faw 

There  are,  befides  thefe  4  regular  or  fet  charp“s 
2  others,  which  are  diftinguifhed  by  the  names  of  com¬ 
pound  and  brilliant  charges  ;  the  compound  being  made 
of  many  ingredients,  fuch  as  meal  powder,  faftpetm 
brimftone,  charcoal,  faw  duft,  fea-coal,  antimony,  ala's 
duft,  brais  dull,  fteel  filings,  caft  iron,  tanner’s  duft 
&c.  or  any  thing  that  will  yield  fparks ;  all  which  muft 
be  managed  w  th  difcretion.  The  brilliant  fires  are  com- 
pofcd  o f  meal  powder,  faltpetre,  brimftone,  and  fteel 
duft ;  or  with  meal  powder  and  fteel  filings  only 

Cotton  Quick-match 

Is  generally  made  of  fuch  cotton  as  is  put  in  can- 
dies,  of  leveral  fazes,  from  1  to  6  threads  thick  accord¬ 
ing  to  the  pipes  it  is  defigned  for,  which  pipe  muft 

D  *  be 
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be  lame  enough  for  the  match,  when  made,  to  be 
puflied  in  eafily  without  breaking  it.  Havit^  -doubled 
the  cotton  into  as  many  threads  as  you  think  proper, 
coil  it  very  lightly  into  a  flat-bottomed  copper  or  earthen 
pan  i  then  put  "in  the  faltpetre  and  the  liquor,  and 
boil  them  about  20  minutes ;  after  which  coil  it  again 
into  another  pan,-  as  in  Fig.  4.  and  pour  on  it  v  tat 
liquor  remains;  then  put  in  feme  meal  powder,  and 
prefs  it  down  with  your  hands,  till  it  is  quite  wet ; 
afterwards  place  the  pan  before  the  wooden  frame,  fig.  5- 
which  muft  be  fufpended  by  a  point  in  the  centre  of 
each  end;  and  place  yourfelf  before  the  pan,  tying  the 
upper  end  of  the  cotton  to  the  end  of  t  of  the  tides  ot 

the  frame.  . 

When  every  thing  is  ready,  you  muft  have  one  to 

turn  the  frame  round,  while  you  let  the  cotton  pals 
through  your  hands,  holding  it  very  lightly,  and  at  the 
fame  time  keeping  your  hands  full  of  thewet  pow  er, 
but  if  the  powder  ftiould  be  too  wet  to  flick  to  the 
cotton,  put  more  in  the  pan,  fo  as  to  keep  a  continua 
fupply  till  the  match  is  all  wound  up ;  you  may  wind 
it  as  clofe  on  the  frame  as  you  pleaie,  fo  that  it.  does 
not  flick  together ;  when  the  frame  is  full,  take  it  oft 
the  points,  and  fift  dry  meal  powder  on  both  fides  the 
match,  till  it  appears  quite  dry :  in  winter  the  mstfch 
will  be  a  fortnight  before  it  is  fit  for  ufe;  when  it  is 
thoroughly  dry,  cut  it  along  the  outfi.de  of  one  o  t  e 
fides  of  the  frame,  and  tie  it  up  in  fkains  for  ufe. 

N.  B.  The  match  muft  be  wound  tight  on  the 

frames. 

Ingredients  for  the  Match,. 

''’Cotton  1  lb.  12  oz.  faltpetre  1  lb.  fpirit  of  wine 

2  quarts,  water  3  quarts,  ifinglafs  3  gills,  and  meal 
powder  jo  lb.  To  diffolve  4  oz.  of  ifinglafs,  take 

3  pints  of  water. 


SECT. 
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Sect.  III. — Sky-rocket  Moulds. 

AS  the  performance  of  rockets  depends  much  on 
their  moulds,  it  is  requifite  to  give  a  definition  of 
them  and  their  proportions :  They  are  made  and  pro¬ 
portioned  by  the  diameter  of  their  orifice,  which  are 
divided  into  —  parts:  as  Fig  6.  reprefents  a  mould 
made  by  its  diameter  AB,  its  height  from  C  to  D  is 
6  diameters  and  2  thirds ;  from  D  to  E  is  the  height  of 
the  Foot,  which  is  1  diameter  and  2  thirds ;  F  the 
choak,  or  cylinder,  whofe  height  is  1  diameter  and  i-jd; 
it  mult  be  made  out  of  the  fame  piece  as  the  foot,  and 
fit  tight  in  the  mould ;  G  an  iron  pin  that  goes  through 
the  mould  and  cylinder,  to  keep  the  foot  fall;  H  the 
nipple,  which  is  J  a  diameter  high,  and  2-  jds  thick,  and  of 
the  fame  piece  of  metal  as  the  piercer  I,  whofe  height 
is  3  diameters,  and  at  the  bottom  is  1  3d  of  the  diameter 
thick,  and  from  thence  tapering  to  1  -  6th  of  the  diameter : 
the  befl  way  to  fix  the  piercer  in  the  cylinder,  is  to  make 
that  part  below  the  nipple  long  enough  to  go  quite 
through  the  foot,  and  rivet  it  at  bottom.  Fig.  7.  is  a 
former  or  roller  for  the  cafes,  whole  length,  from  th £ 
handle,  is  7  J  diameters,  and  its  diameter  2~3ds  of  the 
bore  AB  ;  8.  the  end  of  the  former,  which  is  of  the 
lame  thicknefs,  and  1  diameter  and  2-363  long;  the  final! 
part,  which  fits  into  the  hole  in  the  end  of  the  roller 
when  the  cafe  is  pinching,  is  1  6th  and  j  of  the  mould’s 
diameter  thick.  Fig.  q.  the  fid!  drift,  which  mull  be 
6  diameters  from  the  handle,  and  this  as  well  as  all 
other  rammers  muff  be  a  little  thinner  than  the  former, 
to  prevent  the  lacking  of  the  paper,  when  you  are 
driving  in  the  charge :  in  the  end  of  this  rammer  is  a 
hole  to  fit  over  the  piercer ;  the  line  K  marked  on  this  is 
2  diameters  and  i-3d  from  the  handle ;  fo  that,  when  you 
are  filling  the  rocket,  this  line  appears  at  top  of  the 
cafej  you  myft  then  take  the  2d  rammer,  iq.  which 

from 
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from  the  handle  is  4  diameters ;  and  the  hole  for  the 
piercer  is  1  |  diameter  long.  Fig  11.  is  the  fhort  and 
folid  drifi  which  you  ufe  when  you  have  filled  the  cafe 
as  high  as  the  top  of  the  piercer. 

Rammers  mu  it  have  a  collar  of  brafs  at  the  bottom, 
to  keep  the  wood  from  fpreading  or  fplitting;  and  that 
the  fame  proportion  be  given  to  all  moulds,  from  1  oz. 
to  61b.  I  mentioned  nothing  concerning  the  handles  of 
the  rammers ;  however,  if  their  diameter  be  equal  to  the 
bore  of  the  mould,  and  2  diameters  long,  it  will  be  a 
very  good  proportion  -3  but  the  fhorter  you  can  ufe  them, 
the  .better;  for  the  longer  the  drift,  the  lef$  will  be  the 
pieiiure  on  the  compofition,  by  the  blow*  given  with 
the  mallet. 

Dimenhons  for  Rocket  Moulds,  in  which 
the  Rockets  are  rammed  folid. 


Weight 
of  rock¬ 
ets. 

Length  of  the 
moulds  with¬ 
out  their  feet. 

Interior  diameter 
of  the  moulds 

Height  of  the 
nipples. 

lb.  oz. 

Inches 

Inches. 

Inches 

6  0 

!  H’7 

1 

3*5 

l>5 

4  0 

38,6 

2,9 

1,4 

2  0 

J3>35 

2,1 

1,0 

1  0 

12,25 

1,7 

U-j 

OO 

*\ 

O 

0  8 

10,125 

1  »3 3 3  &c- 

0,6 

0  4 

7.75 

1,125 

°>5 

0  2  1 

6,2 

0,9 

0,45 

0  1 

4>9 

0,7 

°’35 

0  i 

3>9 

<M5 

0,25 

6  drams 

3>5  j 

°>5 

0,225 

4  drams 

2,2 

°>3 

0,2 

The 
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The  diameter  of  the  nipple  muft  always  be  equal  to 

that  of  the  former.  . 

I  have  omitted-  the  thicknefs  of  the  moulds,  it  being 

very  immaterial,  provided  they  are  fubftantial  and 

ftrong.  ,  ,  r 

1  would  not  advife  thofe  who  make  rockets  for  pri¬ 
vate  amufement,  to  ram  them  folid,  for  it  requires  a 
very  fkillful  hand,  and  an  expenlive  apparatus  for  boring 
them,  which  w^l  be  fhewn  hereafter.  Driving  of 
rockets  folid  is  the  moft  expeditious  method,  but  not  fo 
certain  as  ramming  them  over  a  piercer,  which  1  have 
found  by  experience. 


Moulds  for  Wheel  Cafes  or  Serpents. 

Fig*  12*  reprefents  a  mould,  in  which  the  cafes  are 
drove  folid;  L  the  nipple*,  with  a  pointf  at  top,  which, 
when  the  cafe  is  filling,  ferves  to  ftop  the  neck,  and  pre¬ 
vent  the  compofition  from  falling  out,  which  without 
this  point  it  would  do ;  and,  in  confequence,  the  air 
would  get  into  the  vacancy  in  the  charge,  and  at  the 
time  of  firing  caufe  the  cafe  to  burft.  Thefe  fort  of 
moulds  are  made  of  any  length  or  diameter,  according 
as  the  cafes  are  required;  but  the  diameter  of  the  rollers 
muft  be  equal  to  half  the  bore,  and  the  rammers  made 

quite  folid. 


To  roll  Rocket  and  other  Cafes. 

Sky-rocket  cafes  are  to  be  made  6  f  of  their  extei ior 
diameter  long,  and  all  other  cafes  that  are  to  be  fi|Rd 
in  moulds  muft  be  as  long  as  the  moulds,  within  half 

its  interior  diameter. 

Rocket  cafes,  from  the  fmalleft  to  4  or  6  pound,  are 
generally  made  of  the  ftrongeft  fort  of  cartridge  papei. 


?  The  nipple  and  cylinder  to  bear  the  fame  proportion  as  thofe. 

f°rt°A  round  bit  of  brsfs,  equal  in  length  to  the  nick  of  the  cafe, 
and  flat  at  the  top.  ^  , 
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and  rolled  dry;  but  the  large  fort  are  made  of  pafted 
pafte  board.  As  it  is  very  difficult  to  roll  the  ends  of 
the  cafes  quite  even,  the  bed:  way  will  be  to  keep  a  pat¬ 
tern  of  the  paper  for  the  different  forts  of  cafes,  which 
pattern  ihould.  be  fomewhat  longer  than  the  cafe  it  is, 
defigned  for,.  and  on  it  marked  the  number  of  fheets 
required,  which  will  prevent  any  paper  being  cut  to 
xvaile:  having  cut  your  papers  of  a  proper  fize,  and 
tiie  laft  iheet  for  each  cafe  with  a  i^ope  at  one  end,  fo 
that  when  the  cafes  are  rolled  it  may  form  a  fpiral  line 
round  the  outfide,  ana  that  this  dope  may  always  be  the 
fame,  iet  the  pattern  be  fo  cut  for  a  guide :  before  voti 
begin  to  roll,  fold  down  one  end  of  the  firff  fheet,  fo'far 
that  the  fold  will  go  2  or  3  times  round  the  former; 
then,  on  the  double  edge,  lay  the  former  with  its  handle 
off  the  table,  and  when  you  have  rolled  on  the  paper, 
within  2  or  3  turns,  lay,  on  that  part  which  is  loofe,  the 
next  fheet,  ?nd  roll  it  all  on. 

Having  thus  dune,  you  mud  have  a  fmooth  board, 
about  20  inches  long,  and  equal  in  breadth  to  the 
length  of  the  cafe ;  in  the  middle  of  this  board  mud 
be  a  handle  placed  length-ways  *,  under  this  board  lay 
your  cafe,  and  let  one  end  of  the  board  lie  on  the  table  *, 
then  prefs  hard  on  it,  and  puffi  it  forwards,  which  will 
roll  the  paper  very  tight;  do  this  3  or  4  times  before 
you  roll  on  any  more  paper  1  this  mud  be  repeated  every 
other  fheet  of  paper,  till  the  cafe  is  thick  enough  ;  but 
If  the  rolling  board  be  drawn  backwards,  it  will  loofen 
the  paper:  you  are  toobferve,  when  you  roll  on  the  lad 
iheet,  that  thepoint  or  the  dope  be  placed  atthelmallend 
of  the  roller.  Having  rolled  your  cafe  to  fit  the  mould, 
pufh  in  the  fmall  end  of  the  loiroer  F,  about  1  diameter 
from  the  end  of  the  cafe,  and  put  in  the  end  piece  within 
a  little  didance  of  the  former;  then  give  the  pinching 
cord  one  turn  round  the  cafe,  between  the  former  and 
the  end  piece  at  fird  pull  eafy,  and  keep  moving  the 
cafe,  which  will  make  the  neck  Imooth,  and  without 
l^rge  wrinkles;  when  the  cafes  are  hard  to  choak,  let 
c^ch  iheet  of  paper  (except  the  firft  and  lad,  in  that 

part 
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part  where  the  neck  is  formed)  be  a  little  moiftened 
with  water :  immediately  after  you  have  druck  the 
concave  ftroke,  bind  the  neck  of  the  cafe  round  with 
fmall  twine,  which  mull  not  be  tied  in  a  knot,  but  fadened 
with  2  or  3  hitches . 

Having  thus  pinched  and  tied  the  cafe  fo  as  not  to  give 
way,  put  it  into  the  mould  without  its  foot,  and  with  a 
mallet  drive  the  former  hard  on  the  end  piece,  which, 
will  force  the  neck  cJofe  and  fmooth  ;  this  done,  cut 
the  cafe  to  its  proper  length,  allowing  from  the  neck 
to  the  edge  of  the  mouth  half  a  diameter,  which  is  —  to 
the  height  of  the  nipple;  then  takeout  the  former,  and 
drive  the  cafe  over  the  piercer  with  the  long  rammer, 
and  the  vent  will  be  of  a  proper  fize.  Wheel  cafes 
mud  be  drove  on  a  nipple  with  a  point,  to  clcfe  the  neck, 
and  make  the  vent  of  the  lize  required  ;  which,  in  mod 
cafes,  is  generally  j  of  their  interior  diameter :  as  it  is 
very  oft  difficult,  when  the  cafes  are  rolled,  to  draw  the 
roller  out,  you  may  make  a  hole  through  the  handle, 
and  put  in  it  a  fmall  iron  pin,  by  which  you  may  eadly 
turn  the  former  round,  and  pull  it  out.  Fig.  iy.fhews 
the  method  of  pinching  cafes;  P  a  treddle,  which,  when 
preffed  hard  with  the  foot,  will  draw  the  cord  tight, 
and  force  the  neck  as  clofe  as  you  pleafe  ;  Qji  fmall 
wheel  or  pully,  with  a  groove  round  it  for  the  cord  to 
run  in. 

Cafes  are  commonly  rolled  wet,  for  wheels  and  fixed 
pieces ;  and  when  they  are  required  to  contain  a  great 
length  of  charge,  the  method  of  making  thofe  cafes  is 
thus:  Your  paper  mud  be  cut  as  ufual,  only  the  lad 
lheet  mud  not  be  cut  with  a  dope  ;  having  your  paper 
ready,  pade  each  Ihe  t  on  one  fide ;  then  fold  down  the 
fird  lheet  as  before  diredted,  but  be  careful  that  the  pade 
does  not  touch  the  upper  part  of  the  fold,  for  if  the 
roller  be  wetted,  it  will  tear  the  paper  in  drawing  it 
out :  in  pading  the  lad  lheet,  obferve  not  to  wet  the 
lad  turn  or  2  in  that  part  where  it  is  to  be  pinched;  for 
if  that  part  be  damp,  the  pinching  cord  will  dick  to  if, 
find  tear  the  paper ;  therefore,  when  you  choak  thofe 
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cafes,  roll  a  bit  of  dry  paper  once  round  the  cafe,  before? 
you  put  on  the  pinching  cord  •,  but  this  bit  of  paper 
be  taken  off  after  the  cafe  is  choaked.  The  rolling 
%oard,  and  all  other  methods,  according  to  the  former 
vleSions  for  the  rolling  and  pinching  of  cafes,  muff  be 
ufed  to  thefe  as  well  as  all  other  cafes. 

To  make  Tourbillon  Cafes. 

Thofe  fort  of  cafes  are  generally  made  about  8  dia¬ 
meters  long,  but  if  very  large,  7  will  be  fufficient :  tour- 
billons  will  anfwer  very  well  from  40Z.  to  2  lb.  but 
when  larger  there  is  no  certainty.  The  cafes  are  beff 
rolled  wet  with  pafte,  and  the  laft  fheet  muff  have  a 
ffrait  edge,  fo  that  the  cafe  may  be  all  of  a  thicknefs  : 
when  you  have  rolled  your  cafes,  after  the  manner  of 
wheel  cafes,  pinch  them  at  one  end  quite  clofe  ;  then, 
with  the  rammer,  drive  the  ends  down  flat,  and  after¬ 
wards  ram  in  about  i-gd  of  a  diameter  of  dried  clay. 
The  diameter  of  the  former  for  thefe  cafes  muff  be  the 
fame  as  for  fky  rockets. 

N.R,  Tourbillons  are  to  be  rammed  in  moulds 
without  a  nipple,  or  in  a  mould  without  its  foot. 

Balloon  Cafes,  or  Paper  Shells. 

Firff  you  muff  have  an  oval  former  turned  of  Imooth 
wood  ;  then  pafte  a  quantity  of  brown  or  cartridge  paper, 
and  let  it  lie  till  the  pafte  has  quite  foaked  through ; 
this  done,  rub  the  former  with  foap  or  greafe,  to  pre  ent 
the  paper  from  flicking  to  it;  then  lay  the  paper  on  in 
fmall  flips,  till  you  have  made  it  1  -3d  of  the  thicknefs 
of  the  fhell  intended ;  having  thus  done,  fet  it  to  dry, 
and  when  dry,  cut  it  round  the  middle,  and  the  2  halves 
will  eafily  come  off;  but  obferve,  when  you  cut,  to  leave 
about  1  inch  not  cut,  which  will  make  the  halves  join 
much  better  than  if  quite  feparated  ;  when  you  have 
fome  ready  to  join,  place  the  halves  even  together,  and 
pafte  a  flip  of  paper  round  the  opening  to  hold  them 

together. 
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together,  and  let  that  dry-,  then  lay  on  paper  all  over 
as  before,  every  where  equal,  excepting  that  end 
which  goes  downwards  in  the  mortar,  which  maybe 
a  little  thicker  than  the  reft ;  for  that  part  which  re* 
ceives  the  blow  from  the  powder  in  the  chamber  of  the 
mortar  confequently  requires  the  greateft  ftrength :  when 
the  fhell  is  thoroughly  dry,  burn  a  round  vent  at  top* 
withfquare  iron,  large  enough  for  the  fuze:  this  method 
will  d  for  balloons  from  4  inches  2»5ths,  to  8  inches 
diameter;  but  if  they  are  larger,  or  required  to  be  thrown 
a  great  height,  let  the  firft  fhell  be  turned  of  elm,  inftead 
of  being  made  of  paper. 

For  a  ballon  of  4  inches  2-5ths,  let  the  former  be 
finches  1  -8th  diameter,  and  5  \  inches  long.  For  a 
balloon  of  5  §  inches  the  diameter  of  the  former  muft 
be  4  inches,  and  8  inches  long.  Fora  ball  >6n  of  8  inches, 
let  the  diameter  of  the  former  be  5  inches  and  1 5-i6ths, 
and  1 1  inches  7-Sths  long.  Fora  10-inch  balloon, 
let  the  former  be  7  inches  g-i  6ths  diameter,  and  14  § 
inches  long.  The  thicknefs  of  a  fhell  for  a  balloon  of 
4  inches  2-5ths,  muft  be  \  inch.  For  a  balloon  of 
5 1  inches  let  the  thicknefs  of  the  paper  be  5-Sths  of  an 
inch.  For  an’T-inch  balloon,  7*8ths  of  an  inch.  And 
for  a  10  inch  balloon,  let  the  fhell  be  i  inch  i-8th 
thick. 

Shells  that  are  defigned  for  ftars  only,  may  be  made 
quite  round  and  the  thinner  they  are  at  the  opening,  the 
better;  for  if  they  are  too  ftrong,  the  ftars  are  apt  to 
break  at  the  burfting  of  the  fhell :  when  you  are  making 
the  fhell  make  ufe  of  a  pair  of  calibres,  or  a  round 
gauge,  fo  that  you  may  not  lay  the  paper  thicker  in  one 
place  than  another ;  and  alfo  to  know  when  the  fhell 
is  of  a  proper  thicknefs.  Balloons  muft  always  be  made 
to  go  eafy  into  the  mortars. 

Mixing  Compositions. 

The  performance  of  the  principal  part  of  fireworks 
depends  much  on  the  compofitions  being  well  mixed  ; 

therefore 
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therefore  great  care  muff  be  taken  in  this  part  of  the 
work,  particularly  for  the  compofitions  for  Iky  rockets. 
When  you  have  4  or  5  pounds  of  ingredients  to  mix* 
which  is  a  iufficient  quantity  at  a  time  (for  a  larger  pro¬ 
portion  will  not  do  fo  well)  firff  put  the  different  in¬ 
gredients  together ;  then  work  them  about  with  your 
hands,  till  you  think  they  are  pretty  well  incorporated  : 
sfter  which  put  them  into  a  lawn  fieve  with  a  receiver 
and  top  toit  j  and  if,  after  it  is  lifted,  any  remains  that 
will  not  pafs  through  the  fieve,  grind  it  again  till  fine 
enough ;  and  if  it  be  twice  lifted,  it  will  not  be  amifs  : 
but  the  competitions  for  wheels  and  common  works  are 
not  fo  material,  nor  need  not  be  fo  fine.  But  in  all 
feed  works,  from  which  the  fire  is  to  play  regular,  the 
ingredients  mull;  be  very  fine,  and  great *  care  taken  in 
mixing  them  well  together ;  and  obferve  that,  in  all 
compofitions  wherein  are  heel  or  iron  filings,  the  hands 
muff  not  touch  ;  nor  will  any  works,  which  have  iron 
dr  fleel  in  their  charge,  keep  long  in  damp  weather, 
without .  being  properly  prepared,  according  to  the  fol¬ 
lowing  directions. 

To  preferve  Steel  or  Iron  Filinas. 

.Itfometimes  may  happen,  that  fireworks  may  here* 
qtiired  to  be  kept  a  lofig  time,  or  fent  abroad  ;  neither 
of  which  could  be  done  with  brilliant  fires,  if  made  with 
filings  unprepared ;  for  this  reafon,  that  the  faltpetre 
being  of  a  damp  nature,  it  caufes  the  iron  to  ruff,  the 
confequence  of  which  is,  that  when  the  works  are  fired, 
tiiere  will  appear  but  very  few  brilliant  fparks,  but  in- 
ftead  of  them  a  number  of  red  and  droffy -fparks;  and 
befides,  the  charge  will  be  fo  much  weakened,  that  if 
this  was  to  happen  to  wheels,  the  fire  will  hardly  be 
flrong  enough  to  force  them  round :  but  to  prevent  fuch 
accidents,  prepare  your  filings  thus.  Melt  in  a  glazed 
earthen  pan  fome  brimffone  over  a  flow  fire,  and  when 
melted  throw  in  fome  filings ;  which  keep  flirring  about 
till  they  are  covered  with  brimffone;  this  you  muff  do 

while 
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while  it  is  on  the  fire;  then  take  it  off,  and  ftir  it  very 
quick  till  cold,  when  you  muft  roll  it  on  a  board  with  a 
wooden  roller,  till  you  have  broke  it  as  fine  as  corn  pow¬ 
der;  after  which  fift  from  it  as  much  of  the  brimfione 
as  you  can.  There  is  another  method  of  prepai  mg  tilings, 
fo  as  to  keep  2  or  3  months  in  winter;  this  may  be  done 
by  rubbing  them  between  the  ftrongeft  fort  oi  brown  pa¬ 
per  which" before  has  been  moiftened  with  Imfeed  oil. 

N.  B.  If  the  brimfione  fhould  take  fire,  you  may  put 
it  out,  by  covering  the  pan  clofe  at  top :  it  is  not  of 
much  fignification  what  quantity  of  brimfione  you  ufe, 
fothat  there  is  enough  to  give  each  grain  of  iron  a  coat^ 
but  as  much  as  will  cover  the  bottom  of  a  pan  of  about 
1  foot  diameter,  will  do  for  5  or  6  pound  of  filings,  or 
cait  iron  for  gerbes. 

To  drive  or  ram  Sky  Rockets,  &c. 

Rockets  drove  over  a  piercer  muft  not  have  fo  much 
eompofition  put  in  them  at  a  time,  as  when  drove  foiid, 
for  the  piercer,  taking  up  great  part  of  tl ie  bore  of  the 
cafe,  would  caufe  the  rammer  to  rife  too  high;  fothat 
the  preflureofit  would  not  be  fo  great  on  the  compofi- 
tion,  nor  would  it  be  drove  every  where  equal :  to  pre¬ 
vent  which,  obferve  the  following  rule;  that  for  thole 
rockets,  that  are  rammed  over  a  piercer,  let  the  ladle^ 
hold  as  much  eompofition  as,  when  drove,  will  raiie  the 
drift  \  the  interior  diameter  of  the  cafe,  and  for  thole 
drove  folicfto  contain  as  much  as  will  raife  it§  the  exterior 
diameter  of  the  cate  :  ladles  are  generally  made  to  go 
eafy  in  the  cafe,  and  the  length  of  the  fcoop  about  1 2. 
of  its  own  diameter.  i 

The  charge  of  rockets  muft  always  be  drove  1  diame¬ 
ter  above  the  piercer,  and  on  it  muft  oe  rammed  i-3d  of 
a  diameter  of  clay,  through  the  middle  of  which  bore  a 
fmall  hole  to  the  eompofition,  that,  when  the  charge  is 
burnt  to  the  top,  it  may  communicate  its  fire,  through 

#  ^  copper  fcoop  with  a  wooden  handle,  ^ 
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the  hole,  to-tlie  liars  in  the  head  :  great  care  muff  be 
taken,  to  ftrike  with  the  mallet,  and  with  an  equal  force* 
the  fame  number  of  ftrokes  to  each  ladle-full  of  charge  - 
Otherwife  the  rockets  will  not  rife  with  an  uniform  mo¬ 
tion,  nor  will  the  compofition  burn  equal  and  regular; 
for  w  hich  reafon  they  cannot  carry  a  proper  tail  for  it 
’will  break  before  the  rocket  has  got  iialf  way  up  ;  in- 
llead  of  reaching  from  the  ground  to  the  top,  where 
the  rocket  breaks  and  difperfes  the  liars,  rains,  or  what¬ 
ever  is  contained  in  the  head.  When  you  are  ramming, 
keep  the  drift  conftantly  turning  or  moving  ;  and  when 
you  ufe  the  hollow'  rammers,  knock  out  of  them  the 
compofition  now  and  then,  or  the  piercer  will  fplit 
them  :  to  a  rocket  of  4  oz.  give  to  each  ladle-full  of 
charge  1 6  ftrokes :  to  a  rocket  of  1  lb.  28:  to  a 
2-pounder,  36:  to  a  4-pounder,  42  :  and  to  a  6-pound- 
er,  56 :  but  rockets  of  a  larger  fort  cannot  be  drove  well 
by  hand,  but  mull  be  rammed  with  a  machine  made  in 
the  fame  manner  as  thofe  for  driving  pdes,  which  are  fo 

very  common  to  be  feen,  that  I  ihall  omit  a  defcrin- 
tion.  * 


The  method  of  ramming  of  wheel  cafes,  or  any  other 
lort,  in  which  the  charge  is  drove  folid,  is  much  the 
fame  as  fky  rockets ;  for  the  fame  proportion  may  be 
obierved  in  the  ladle,  and  the  fame  number  of  ftrokes 
given,  according  to  their  diameters,  all  cafes  being  di- 
llinguiflied  by  their  diameters:  in  this  manner,  a  cafe 
whofe  bore  is  equal  to  a  rocket  of  4  oz.  is  called  a  4-oz  ; 
cafe,  and  that  which  is  equal  to  an  8-oz.  rocket  an  8-oz. 
caie  and  foon,  according  to  the  different  rockets. 

Having  taught  the  method  of  rammingcafes  in  moulds; 
we  Ihall  here  fay  lomethmg  concerning  thofe  filled  with¬ 
out  moulds ;  which  method,  for  ftrong  parted  cafes,  will 
do  extremely  well  and  fave  the  expence  of  making  fo 
many  moulds.  The  reader  mult  here  obferve,  when  he 
fills  any  -ore  of  cafes,  to  place  the  mould  on  a  perpen¬ 
dicular  block  of  wood,  and  not  on  any  place  that  is 
hollow  ;  for  we  have  found  by  experience,  that  when 
cafes  were  lammed  on  driving  benches,  which  were 

formerlv 


fireworks. 


formerly  ufed,  the  works  frequently  mifcarried,  on  ac¬ 
count  of  the  hollow  refinance  of  the  benches,  which  oft 
jarred  and  loofened  the  charge  in  the  cafes ;  but  this 
accident  has  never  happened  fince  the  driving  blocks* 
have  been  ufed. 

When  cafes  are  to  be  filled  without  moulds,  proceed 
thus ;  have  fome  nipples  made  of  brafs  or  iron,  of  fe« 
veral  forts  and  fizes,  in  proportion  to  the  cafes,  and  to 
fcrevv  or  fix  in  the  top  of  the  driving  block ;  when  yew 
have  fixed  in  a  nipple,  make,  at  about  i  \  inch  from 
it,  a  fquare  hole,  in  the  block,  6  inches  deep  and  i  inch 
diameter  j  then  have  a  piece  of  wood,  6  inches  longer 
than  the  cafe  intended  to  be  filled,  and  2  inches  fquare  ; 
on  1  fide  of  it  cut  a  groove  almofi  the  length  of  the  cafe, 
whofe  breadth  and  depth  mull  be  fufficient  to  cover  near 
J  the  caie  •,  then  cut  the  other  end  to  fit  the  hole  in  the 
block,  but  take  care  to  cut  it  fo  that  the  groove  may 
be  of  a  proper  difiance  from  the  nipple  :  this  half  mould 
being  made  and  fixed  tight  in  the  block,  cut,  in  another 
piece  of  wood  nearly  of  the  fame  length  as  the  cafe, 
a  groove  of  the  fame  dimenfions  as  that  in  the  fixed 
piece  *,  then  put  the  cafe  on  the  nipple,  and  with  a  cord 
tie  it  and  the  2  half  moulds  together,  and  your  cafe  will 
be  ready  for  filling. 

The  dimenfions  of  the  above  deferibed  half  moulds, 
are  proportionable  for  cafes  of  8  ounces ;  but  notice 
muft  be  taken,  that  they  differ  in  fize  in  proportion  to 
the  cafes. 

Note,  the  <  lay.  mentioned  in  this  article,  mufi  be 
prepared  after  this  manner  ;  get  fome  clay,  in  which 
there  is  no  Rones  nor  fand,  and  bake  it  in  an  oven  till  quite 
dry ;  then  take  it  out  and  beat  it  to  a  powder,  and  after¬ 
wards  lift  it  through  a  common  hair  fieve,  and  it  will  be 
fit  for  ufe. 


#  A  piece;  of  hard  wood  in  the  form  of  an  anvil  block. 
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Proportion  of  Mallets. 

The  befl  wood  for  mallets  is  dry  beech.  I  would 
have  every  pra&itioner  know,  that  if  he  ufes  a  mallet 
of  a  moderate  fize,  in  proportion  to  the  rocket,  according 
to  his  judgement,  and  if  that  rocket  fucceeds,  he  may 
depend  on  the  red,  by  ufing  the  fame  mallet;  yet  it 
will  be  nccedary  that  cafes  of  different  forts  be  drove 
with  mallets  of  different  fizes. 

The  following  proportion  of  the  mallets  for  rockets 
of  any  fize,  from  x  oz.  to  61b.  may  be  obferved ;  but 
as  rockets  are  feldom  made  lefs  than  i  oz.  or  larger  than 
61b.  I  fhall  leave  the  management  of  them  to  the  curi¬ 
ous;  but  all  cafes  under  i  oz.  may  be  rammed  with 
an  oz.  rocket  mallet.  Your  mallets  will  drike  more 
folid,  by  having  their  handles  turned  out  of  the  fame 
piece  as  the  head,  and  made  in  a  cylindrical  form:  let 
their  dimenfions  be  worked  by  the  diameters  of  the 
rockets :  for  example ;  let  the  thicknefs  of  the  head  be 
3  diameters,  and  its  length  4,  and  the  length  of  the 
handle  5  diameters,  whole  thicknefs  mud  be  "in  propor¬ 
tion  to  the  hand. 

Proportion  of  Sky  Rockets,  and  Manner 

of  heading  them. 

Fig.  13.  a  rocket  compleat  without  its  dick,  whofe 
length  from  the  neck  is  5  diameters  i-6th;  the  cafes 
fhould  always  be  cut  to  this  length  after  they  are  filled  : 
M  the  the  head,  which  is  2  diameters  high,  and  1  dia¬ 
meter  i-6th  fin  breadth;  N  the  cone  or  cap,  whofe 
perpendicular  height  mud  be  1  diameter  1  3-d.  Fig.  14. 
the  collar  to  which  the  head  is  fixed;  this  is  turned  out 
of  deal  or  any  light  wood,  and  its  exterior  diameter  mud 
Ibe  equal  to  the  interior  diameter  of  the  head ;  i-6th 
■will  be  fufficient  for  its  thicknefs,  and  round  the  outfide 
edge  mud  be  a  groove;  the  interior  diameter  of  the  col¬ 
lar  mud  not  be  quite  fo  wide  as  the  exterior  diameter 

of 
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Of  the  rocket;  when  this  is  to  be  glued  oil  the  rocket,  you 
muft  cut  2  or  3  rounds  of  paper  off  the  cafe,  which  will 
make  a  fhoulder  for  it  to  reft  upon.  Fig.  r>,  a  former 
for  the  head  :  2  or  3  rounds  of  paper  well  pafted  will  be 
enough  for  the  head,  which,  when  rolled,  put  the  collar 
on  that  part  of  the  former  marked  O,  which  muft  fit 
the  infide  of  it ;  then,  with  the  pinching  cord  pinch  the 
bottom  of  the  head  into  the  groove,  and  tie  it  with  fmall 
twine,  f  ig.  16,  a  former  for  the  cone.  To  make  the 
caps,  cut  your  paper  in  round  pieces,  equal  in  diameter 
to  twice  the  length  of  the  cone  you  intend  to  make  ; 
which  pieces  being  cut  into  halves,  will  make  2  caps  each, 
tvithout  wafting  any  paper;  having  formed  the  caps, 
pafte  over  each  of  them  a  thin  wh.te  paper,  which  muft 
be  a  fittie  longer  than  the  cone,  fo  as  to  projed:  about 
|  an  inch  below  the  bottom  :  this  projection  of  paper, 

being  notched  and  pafted,  ferves  to  fallen  the  cap  to  the 
head.  v  \ 

When  you  load  the  heads  of  your  rockets  with  ftars, 
rains,  ferpents,  crackers,  fcrolls,  or  any  thing  die,  accord¬ 
ing  to  your  fancy;  remember  always  to  put  5  ladle-full  of 
meal  powder  into  each  head,  which  will  be  enough  to 
burft  the  head,  and  difperfe  the  ftars,  or  whatever  it  con¬ 
tains  :  when  the  heads  are  loaded  with  any  fort  of  cafes, 
let  their  mouths  be  placed  downwards;  and  after  the 
heads  are  filled,  pafte  on  the  top  of  them  a  piece  of  paper, 
before  you  put  on  the  caps.  As  the  fize  of  ftars  oft  differ, 
it  would  be  needlefs  to  give  an  exact  number  for  each 
rocket,  but  this  rule  may  be  obferved,  that  the  heads 
may  be  nearly  filled  with  whatever  they  are  loaded. 

Decorations  for  Sky  Rockets/ 

Sky  rockets  bearing  the  pre-eminence  of  all  fireworks, 
it  will  OOt  be  improper  to  treat  of  their  various  kinds  of 
decorations,  which  aredireded  according  to  fancy;  fome 
are  headed  with  ftars  of  different  forts,  fuch  as  tailed, 
brilliant,  white,  blue  and  yellow  ftars,  &c.  fome  with 
gold  and  filver  rain  ;  others  with  ferpents,  crackers,  fire- 

£  fcrolls, 
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fcrolls,  matrons ;  and  fome  with  fmall  rockets,  and 
many  other  devices,  as  the  maker  pleafes. 


Dimenfions  and  Poife  of  Rocket  Sticks. 


Weight 
of  the 
rocket. 

Length  of 
the  flick. 

Thicknefs 
a i  top. 

Breadth 
at  top. 

Square  at 
bottom. 

Poife  frem 
the  point  of 
the  cone* 

lb.  oz. 

ft.  in. 

Inches. 

Inches 

Inches 

ft.  in. 

6  0 

14  0 

M 

*>85! 

°>75 

4  !>S 

4  ° 

12  10 

1,25 

1,4° 

0,625 

3  9> 

2  0 

9  4 

1,125 

I> 

°>525 

2  9, 

1  0 

8  2 

0,725 

0,80 

°>375 

2  I, 

8 

6  6 

°>5 

0,70 

0,25 

1  10,5 

4 

5  3 

0,3  75° 

°>55 

°>35 

1  8,5 

2 

4  1 

°»3 

°>45 

0,15 

1  3> 

I 

3  6 

0,25 

°>3S 

0,10 

i  I  O, 

1 

"aT 

2  4 

0,125 

0,20 

0,16 

8  0, 

I 

T 

,  1  lot 

0,1 

0,15 

\°>s 

5  °>S 

The  lafl  column  on  the  right,  in  the  above  table,  ex- 
pi  effes  the  diftance  from  the  top  of  the  cone,  where  the 
kick,  when  tied  on,  lhould  balance  the  rocket,  fo  as  to 
Hand  in  an  equilibrium  on  one’s  finger,  or  the  edge  of 
a  knife.  The  bell  wood  for  the  flicks  is  dry  deal, 
made  thus ;  when  you  have  cut  and  planed  the  flicks 
according  to  the  dimenfions  given  in  the  fable,  cut  on 
i  of  the  flat  fides  at  top,  a  "groove  the  length  of  the 
rocket,  and  as  broad  as  the  flick  will  allow;  then  on 
the  oppofite  flat  fide,  cut  2  notches  for  the  cord,  which 
ties  on  the  rocket,  to  lay  in  ;  1  of  thefe  notches  mufl  be 
near  the  top  of  the  flick,  and  the  other  facing  the  neck 
of  the  rockets;  the  diftance  between  thefe  notches  may 
eafily  be  known,  for  the  top  of  the  flick  fhould  always 
touch  the  head  of  the  rocket.  When  your  rockets  and 
Ricks  are  ready,  lay  the  rockets  in  the  grooves  in  the  flicks. 
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and  tie  them  an.  Thole  who y  merely  for  curiofity,  may 
chuie  to  make  rockets  of  different  fizes,  to  what  I  ha  ve  ex~ 
prefled  in  the  table  of  dimenffons,  may  find  the  lenoth  of 
their  flicks,  by  making  them  for  rockets,  from  foz.to  ilb. 
60  diameters  of  the  rocket  long;  and  for  rockets  above 
i  lb.  50  or  5 2  diameters  will  be  a  good  length ;  their  thick- 
nefsat  top  may  be  about  §  a  diameter,  and  their  breadth 
a  very  little  more;  their  fquare  at  bottom  is  generally  equal 
to  I  the  thicknefs  at  top.  But,  although  the  dimenffons 
of  the  flicks  be  very  nicely  obferved,  you  muil  depend 
only  on  their  balance  :  for,  without  a  proper  counter- 
poife,  your  rockets,  inflead  of  mounting  perpendicularly, 
will  take  an  oblique  direction,  and  fall  to  the  ground 
before  they  are  burnt  out. 

Boring  Rockets  which  have  been  drove 

foiid. 

Plate  2,  Fig.  18,  reprefen ts  the  plan  of  an  apparatus, 
or  lathe,  for  boring  of  rockets  A  the  large  wTheel  which 
turns  the  fmall  one  B,  that,  works  the  reammer  C  :  thefe 
reammers  are  of  diflerent  fizes  according  to  the  rockets  ; 
they  muff  be  of  the  fame  diameter  asthe  top  of  the  bore  in¬ 
tended,  and  continue  that  thicknefs  a  little  longer  than  the 
depth  of  the  bore  required,  and  their  points  mull  be  like  that 
of  an  auger;  the  thick  end  of  each  reammer  muff  be  made 
fquare,  and  all  of  the  fame  fize,  foas  to  fit  into  one  focket, 
wherein  they  are  faffened  by  a  fcrew  D  :  E  the  guide 
for  the  reammer,  which  is  made  to  move  backwards  and 
forwards  y  fo  that,  after  you  have  marked  the  reammer 
3  1  diameters  of  the  rocket  from  the  point,  fet  the  guide, 
allowing  for  the  thicknefs  of  the  fronts  of  the  rocket 
boxes,  and  the  neck  and  mouth  of  the  rocket,  fo  that 
when  the  front  of  the  large  box  is  clofe  to  the  guide,  the 
reammer  may  not  go  too  far  up  the  charge.  F,  boxes 
for  holding  the  rockets,  which  are  made  fo  as  to  fit  one 
in  another;  their  fides  muff  be  equal  in  thicknefs  to  rhe 
difference  of  the  diameters  of  the  rockets,  and  their  in¬ 
terior  diameters  equal  to  the  exterior  diameters  of  the 
rockets.  To  prevent  the  rockets  turning  round  while 
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boring,  a  piece  of  wood  muft  be  placed  againft  the  end 
of  the  box  in  the  infide,  and  preffed  againft  the  tail  of 
the  rocket ;  this  will  alfo  hinder  the  reammer  from  forcing 
the  rocket  backwards.  G,  a  rocket  in  the  box.^  H,  a 
box  that  Hides  under  the  rocket  boxes  to  receive  the 
borings  from  the  rockets,  which  fall  through  holes  made 
on  purpofe  in  the  boxes;  thefe  holes  mu  ft  be  juft  under 
the  mouth  of  the  rocket,  one  in  each  box,  and  all  to 

correfpond  with  each  other. 

Fig,  ip,  is  a  front  view  of  the  large  rocket  box.  I, 
an  iron  plate,  in  which  are  holes  of  different  fiz.es, 
through  w  hich  the  reammef  paffes;  this  plate  is  faftened 
withafcrew?  in  the  centre,  fo  that  when  you  change  the 
reammer*  you  turn  the  plate  round,  but  always  let  the 
hole  you  are  going  to  ufe  be  at  the  botom  :  the  fronts 
of  the  other  boxes  muft  have  holes  in  them  to  correfpond 
with  them  in  the  plate.  K,  the  lower  part  of  the  large 
box,  which  is  made  to  fit  the  infide  of  the  lathe,  that  all 

the  boxes  may  move  quite  fteady. 

Fig  20,  is  a  perfpe&ive  view  of  the  lathe.  L,  the 
guide  for  the  reammer,  which  is  fet  by  the  fcrew  at  bot¬ 
tom 

Fig.  21,  a  view  of  the  front  of  the  guide  facing  the 
reammer.  M,  an  iron  plate,  of  the  fame  dimenfions  as 
that  on  the  front  of  the  box,  and  placed  in  the  fame  di. 
region,  and  alfo  to  turn  on  a  fcrew  in  the  centre.  N, 
the  rocket  box,  wrhich  Hides  backwards  and  forwards  • 
when  you  have  fixed  a  rocket  in  the  box,  pufh  it  for¬ 
wards  againft  the  reammer  •,  and  when  you  think  the 
fcoop  of  the  reammer  is  full,  draw  the  box  back,  and 
knock  out  the  compofition  ;  this  you  muft  do  till  the 
rocket  is  bored,  or  it  will  be  in  danger  of  taking  fire ; 
and  if  you  bore  in  a  hurry,  wet  the  end  of  the  reammer 
now  and  then  with  oil  to  keep  it  cool. 

Having  bored  a  number  of  rockets,  you  muft  have 
taps  of  different  forts  according  to  the  rockets.  Thefe 
taps  are  a  little  longer  than  the  bore,  but  when  you  ufe 
them  ,  mark  them*  3  f  diameters  from  the  point,  allowing 

for  the  thicknefs  of  the  rocket’s  neck ;  then,  holding 

the 
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die  rocket  in  one  hand*  you  tap  it  with  the  other.  To  ex* 
plain  thefe  taps,  I  have  reprefen  ted  i  by  Fig.  2,2.  They 
are  made  in  the  fame  proportion  as  the  fixed  piercers, 
and  are  hollowed  their  whole  length. 

Hand  Machine  ufed  for  boring  of  Rockets 

inftead  of  a  Lathe. 

Thefe  fort  of  machines  anfwer  very  well,  but  not  fo 
expeditious  as  the  lathe,  nor  are  they  fo  expenfive  to 
make}  they  may  be  worked  by  1  man*  but  the  lathe  will 
require  3.  Fig.  23,  reprefents  the  machine.  O,  the 
rocket  boxes,  which  are  to  be  fixed,  and  not  to  Hide  as 
thofe  in  the  lathe.  P  are  guides  for  the  reammers, 
that  are  made  to  Hide  together  as  the  reammer  moves 
forward:  the  reammers  for  thefe  fort  of  machines  muft 
be  made  of  a  proper  length,  allowing  for  the  thicknefs 
of  the  front  of  the  boxes,  and  the  length  of  the  mouth 
and  neck  of  the  cafe  :  on  the  fquare  end  of  thefe  ream¬ 
mers,  mud  be  a  round  fhoulder  of  iron,  to  turn  againft 
the  outfide  of  the  guide  by  which  means  the  guides 
are  forced 'forwards.  R,  the  dock  which  turns  the  ream¬ 
mer,  and  while  turning  muft  be  prefled  towards  the 
the  rocket,  by  the  body  of  the  man  who  works  it ;  all 
the  reammers  are  to  be  made  to  fit  1  flock.  This  ma- 

’  :  ,  >  ■■■■  ••  •  >  t  .  •  - 

chine  as  well  as  the  lathe  is  made  by  the  feale  in  the 

fame  place.  / 

■  -  ••■•-■'■■oj.  tut r*'"' ■;  ryvu  =  ■*,. 

To  make  large  Gerbes. 

Fig.  24,  reprefents  a  wooden  former  ;;  25,  a  gerbe 
complete,  with  its  foot  or  Hand.  The  cafes  for  gerbes 
are  made  very  flrong,  on  account  of  the  flrength  of  the 
compofition ;  which,  when  fired,  comes  out  with  great 
velocity  •,  therefore,  to  prevent  their  burning,  the  paper 
fhould  be  pafled,  and  the  cafes  made  as  thick  at  the  top 
as  at  the  bottom}  they  fhould  alfo  have  very  long  necks, 
for  this  reafon  ;  firfl,  that  the  particles  of  iron  will  have 
more  time  to  be  heated,  by  meeting  with  greater  refifl- 
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in  getting  out,  than  with  a  fhort  neck,  which  would  be 
burnt  too  wide  before  the  charge  be  confumed,  and  fpoil 
the  effedt :  Secondly,  that  with  long  necks  the  ftars  will 
be  thrown  to  a  great  height,  and  will  not  fall  before  they 
are  fpent,  or  fpread  too  much  ;  but,  when  made  to  per¬ 
fection  will  rife  and  fpread  in  fuch  a  manner  as  to  form 
exactly  a  wheat-fheaf. 

In  the  ramming  of  gerbes,  there  will  be  no  need  ot 
a  mould,  the  cafes  being  fufficiently  ftrong  to  fupport 
themfelves ;  but  you  are  to  be  careful,  before  you  begin 
to  ram,  10  have  a  piece  of  wood  made  tont  in  the  neck  5 
for  if  this  be  not  done,  the  compofition  will  fall  into  the 
nec'.,  and  leave  a  vacancy  in  the  cafe,  which,  as  I  faid 
before,  will  caufe  the  cafe  to  buril  fo  foon  as  the  fire 
arrives  at  the  vacancy  1  you  in u it  likewiie  obftrve, 
that  the  firftladle  of  charge,  ora,  if  you  think  proper, 
be  of  f  me  weak  compofition,  "W  hen  the  cafe  is  filled, 
take  out  the  piece  of  wood,  and  fill  the  neck  with  fome 
flow  charo-e,  Gerbes  are  generally  made  about  fix  dia¬ 
meters  long,  from  the  bottom  to  the  top  of  the  neck  , 
their  bore  muft  be  i-^th  narrower  at  top  than  at  bottom. 
The  neck  S  is  i-6th  diameter  and  f  long.  T,  a  wooden 
foot  or  ftand,  on  which  the  gerbe  is  fixed. ^  This  may 
be  made  with  a  choak  or  cylinder,  4  01  5  inches  long, 
to  fit  theinfide  of  the  cafe,  or  with  a  hole  in  it  to  put  in 
the  gerbe ;  both  thefe  methods  will  anfwer  the  fame. 
Gerbes  produce  a  molt  brilliant  fire,  and  are  very  beauti¬ 
ful  when  a  number  of  them  are  fixed  in  the  front  of  a 
building,  or  a  colle&ion  of  fireworks. 

N.  B.  Gerbes  are  made  by  their  diameters,  and  their 
cafes  at  bottom  J  thick.  The  method  of  finding  the 
interior  diameter  of  a  gerbe  is  thus :  Suppofing  you 
would  have  the  exterior  diameter  of  the  cafe,  when  made, 
to  be  5  inches,  then,  by  taking  2-4ths  for  the  fides  of 
the  cafe,  there  will  remain  2  \  inches  for  the  bore,  which 
will  be  a  .  very  good  fiz.e.  Thefe  fort  of  gerbes  fhould 
be  rammed  very  hard. 


Small 
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Small  Gerbes,  or  White  Fountains, 

•  -  ■  4  •  •  >  i  •  4  ■  ■  -  ^  i  *•  t 

May  be  made  of  4,  8  oz.  or  1  lb.  cafes,  pafted  and 
made  very  ftrong,  of  what  length  you  pleafe  ;  but,  be» 
fore  you  fill  them,  drive  in  dry  clay  1  diameter  of  their 
orifice  high;  and,  when  you  have  filled  a  cafe,  bore  a 
vent  through  the  centre  of  the  clay  to  the  compofition; 
the  common  proportion  will  do  for  the  vent,  which  mult 
be  primed  with  a  flow  charge.  Thefe  fort  of  cafes, 
without  the  clay,  may  be  filled  with  Chinefe  fire. 

~  !  \  J  ,  •  "  ’  '■  '■  C  ’  ■■  .  . .  :  '  ’  '  ■“  "" J  I 

To  make  Pafte-board  and  Paper  Mortars. 

Fig.  26,  a  former,  and  27,  an  elm  foot  for  the  mortar; 
28,  a  mortar  complete ;  thefe  mortars  are  beft  when, 
made  with  paftehoard,  well  pafted  before  you  begin ; 
or,  inftead  of  pafte,  you  may  ufe  glue,  boar  a  coehorn 
mortar,  which  is  4  inches  2-^ths  diameter,  roll  the  pafte- 
board  on  the  former  i-6th  of  its  diameter  thick;  and, 
when  dry,  cut  one  end  fmooth  and  even  ;  then  nail  and 
glue  it  on  the  upper  part  of  the  foot;  when  done,  cut  oft" 
the  pafte-board  at  top,  allowing  for  the  length  of  the 
mortar  2  \  diameters  from  the  mouth  of  the  powder 
chamber;  then  bind  the  mortar  round  with  a  ftrong 
cord  wetted  with  glue.  U,  the  bottom  part  of  the  foot* 
is  1  diameter  2-^ds  broad,  and  1  diameter  high ;  and  that 
part  which  goes  into  the  mortar  is  2~3ds  of  its  diameter 
high.  W,  is  a  copper  chamber  for  powder,  made  in  a 
conical  form,  and  is  i»3d  of  the  diameter  wide,  1  f  of  its 
own  diameter  long;  in  the  centre  of  the  bottom  of  this 
chamber,  make  a  fmall  hole  a  little  way  down  the  foot; 
this  hole  muft  be  met  by  another  of  the  fame  fize,  made 
in  the  fide  of  the  foot,  as  is  Ihewn  in  Fig.  28.  If  thefe 
holes  are  made  true,  and  a  copper  pipe  fitted  into  both, 
the  mortar  when  loaded  will  prime  itfelf,  for  the  pow~ 
der  will  naturally  fall  to  the  bottom  of  the  firft  hole ; 
then  by  putting  a  bit  of  quick-match  in  the  fide  hole, 
your  mortar  will  be  ready  to  be  firedv 
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Mortars  of  5 §,  8,  and  10  inches  diameter,  may  be  made 
of  paper,  or  pafte-board,  by  the  above  method,  and  in 
the  fame  proportion;  but  if  larger,  it  will  be  belt  to 
have  them  made  of  brafs.  N.  B,  The  copper  chamber 
mult  have  a  fmall  rim  round  its  edge  with  holes  in  it, 
for  ferews  to  make  it  fad  in  the  foot. 


SECT.  IV.^— To  load  Air  Balloons,  with 
the  Number  of  Stars,  Serpents,  Snakes, 
Rain-falls,  &c.  in  Shells  of  each  Na¬ 
ture. 

BALLOONS  being  in  great  efteem,  by  admirers  of 
fire  works,  I  fliall  give  a  full  defeription  of 

them. 

VVhen  you  fill  your  fhells,  you  mud  firft  put  in  the 
ferpents,  rains,  ftars,  & c.  or  whatever  they  are  compofed 
°f b  then  the  blowing  powder;  but  the  fhells  mud  not 
be  quite  filled  ;  all  thofe  things  mud  be  put  in  at  the 
fuze  hole  ;  but  matrons,  being  too  large  to  go  in  at  the 
fuze  hole,  mud  be  put  in  before  the  infide  fhell  be  joined. 
When  the  fhells  are  loaded,  glue  and  drive  in  the  fuzes 
very  tight.  Of  thefe  fuzes  we  fhall  fay  more  hereafter ; 
but  fhall  here  give  the  diameter  of  the  fuze  hole  in  bal¬ 
loons  of  each  nature,  which  arc, — For  acoehorn  balloon, 
let  the  diameter  of  the  fuze  hole  be  7-8ths  of  an  inch. 
For  a  royal  balloon,  which  is  near  5  j  inches  diameter, 
make  the  fuze  hole  1  inch  i-8th  diameter.  For  an  8-inch 
balloon,  1  inch  3-8 ths :  and  for  a  10-inch  balloon,  1  inch 
5-Sths:  * 

Having  proceeded  thus  far  with  the  directions  of  load¬ 
ing  balloons,  I  fhall  in  the  fecond  place  give  an  account 
of  the  quantities  and  number  of  each  article  proper  for 
fhells  of  each  nature;  but  it  is  to  be  obferved,  that  air- 
balloons  are  divided  into  4  forts,  viz.  firft,  illuminated 
balloons;  fecond,  balloons  of  ferpents;  third,  balloons 

of 
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of  reports,  marrons,  and  crackers ;  and  fourth,  com¬ 
pound  balloons. 

*  '• 

Coehorn  Ball66n  illuminated. 


Powder  for  the  mortar 


oz. 

li 

of 


Length  of  the  fuze  compofition  J  of  an  inch  ;  i  oz. 
drove  or  rolled  liars,  as  many  as  will  nearly  fill  the 
ihell. 

Coehorn  Balloon  of  Serpents. 


) 


^  powder*^ 


Meal 
Corn 

Powder  for  the  mortar 


oz. 


2* 
^  4- 


Length  of  the  fuze  compofition  13  i6thsof  an  inch, 
f  oz.  cafes  drove  3  diameters  and  bounced  3  diameters  ; 
and  \  oz.  cafes  drove  2  diameters  and  bounced  4;  of  each 
an  equal  quantity,  and  as  many  of  them  as  will  fit  in 
ealily,  placed  head  to  tail. 

.j>-  *  ** 

Coehorn  Balloon  of  Crackers  and  Re*- 

>  5  it...  *-~***4  *  v  •  . 

-  ports. 


powder^ 


Meal 
Corn 

•  *  t 

Powder  for  the  jnortar 


T*rr 


OZ 

1 

o 

2 


i 

4- 

3 

4-' 


tf  ’I 

Length  of  the  fuze  compofition  \  of  an  inch .  Reports 
4?  and  crackers  of  6  bounces^  as  many  as  will  fill  the 
|hell. 

Compound 
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Compound  Coehorn  Ballooiis. 


powder 


Meal 
Corn 

Powder  for  the  mortar 


oz.  dr* 

—  i  4 

O  12 

—  2  4 


Length  of  the  fuze  compofttion  ig  i6ths  of  an  inch. 
|  oz.  cafes  drove  3  j  diameters  and  bounced  2,  ftxteen; 
■J  oz.  cafes  drove  4  diameters  and  not  bounced,  1  o.  Blue 
jftrung  ftars,  10.  Rolled  liars  as  many  as  will  complete 
the  balloon. 


Royal  Balloons  illuminated. 


jpowder  f 


Meal’ 

Corn  J  A  t 

Powder  for  the  mortar 


oz.  dr. 
1  # 

012 

3  o 


Length  of  the  fuze  compofttion  1 5  i4ths  of  an  inch. 
2  oz.  ftrung  ftars,  34:  Rolled  ftars  as  many  as  the  fheil 
will  contain,  allowing  room  for  the  fuze. 


Royal  Balloons  of  Serpents. 


i  powder'^ 


Meal' 

Corn 

Powder  for  the  mortar 


oz.  dr. 

1  o 
1  8 

3  8 


Length  of  the  fuze  compofttion  1  inch.  1  oz.  cafes 
drove  3  §  and  4  diameters,  and  bounced  2,  of  each  an 
equal  quantity,  fufficient  to  load  the  ftiell. 


Royal 
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Royal  Balloons  with  Crackers  and  Mar- 

rons. 


oz.  dr.1 

^ea^\  powder 
Com  j 

Powder  for  firing  the  mortar  — - —  3  o 


1  S 
1  4 


Length  of  the  fuze  compofition  14  i6ths  of  an  inch  ; 
reports  12,  and  completed  with  crackers  of  8  bounces. 

Compound  Royal  Balloons. 

z.  dr. 

1  5 

1  6 

Powder  for  the  mortar  — - -  3  12 


Meal 

Corn 


Powder 


1 


Length  of  the  fuze  compofition  1  inch,  §  oz.  cafes 
drove  and  bounced  2  diameters,  8.  2  ounce  cafes  filled 
g-Sths  of  an  inch  with  ftar  compofition,  and  bounced 
2  diameters,  8.  Silver  rain-falls,  10.  2  oz.  .tailed  fiars, 

16".  Rolled  brilliant  fiars,  30.  If  this  fhould  not  be 
fufficient  to  load  the  fhell,  you  may  complete  it  with  gold 
rain-falls. 


Eight-inch  Balloons  illuminated. 

oz.  dr. 

Corn  \  P°wder  i  - -  - - -  1  4 

Powder  for  the  mortar  . . —  p  o 

Length  of  the  fuze  compofition  1  inch  1  8th.  2  oz . 
drove  ftars,  48.  40Z.  cafes  drove  with  ftar  compofition 
3  8ths  of  an  inch,  and  bounced  3  diameters,  12  ;  and 
the  balloon  completed  with  2  oz.  drove  brilliant  ftars. 

Eight 


f 


Artificial, 

Eight-inch.  Balloons  of  Serpents. 

i  »  oz.  dr, 

^eal  \  powder  f  - ~  -  20 

Corn-*1  C  — - -  — « -  2  o 

powder  for  the  mortar  - -  —  9  8 

Length  of  the  fuze  compofition  1  inch  3  i6ths.  2  oz. 
cafes  drove  1  diameter,  and  bounced  2  ;  and  1  oz.  cafes 
drove  2  diameters,  and  bounced  2  j ;  of  each  an  equal 
quantity,  fufficient  for  the  ihelh, 

N.  B.  The  ftar  compofition  drove  in  bounced  cafes, 
mud  be  managed  thus;  fi-rft,  the  cafes  muft  be  pinched 
clofe  at  1  end,  then  the  corn  powder  put  in  for  a  report, 
and  the  cafe  pinched  again  clofe  to  the  powder,  only 
leaving  a  fmali  vent  for  the  ftar  compofition,  which  is 
drove  at  top,  to  communicate  to  the  powder  at  the  bounce 
end. 

REMARK  S. 

■  1  f  '  .  .  , 

Balloons  filled  with  crackers,  reports,  and  marrons, 
make  no  great  fhow  of  themfelves,  nor  are  they  very 
pleafing  to  the  eye,  for  they  reprefent  nothing  more  than 
a  number  of  pale  white  dallies,  followed  by  a  variety  of 
reports;  which  all  together  make  but  a  very  indifferent 
appearapce,  when  fired  with  illuminated  balloons,  which 
are  fo  beautiful  and  brilliant,  as  to  give  fuch  1  uft re  as  will 
dazzle  the  eyes  of  the  fpecftatoys  for  fome  time.  O11  this 
coniideration,  I  do  not  think  it  worth  while  loading  fhells 
of  a  large  nature  with  things  that  afford  fo  little  plea- 
fure;  but  they  have  a  pretty  good  effedf  in  royal  fhells, 
when  thrown  among  a  number  of  air  works,  fuch  as  pots 
des  brins  or  flights  of  rockets,  in  order  to  alarm  the  peo¬ 
ple  with  a  thundering  in  the  air.  For  they  will  not 
know  from  whence  the  reports  came,  if  fired  exactly  at 
the  fame  time  with  the  other  works,  and  the  fuze  made 
to  carry  a  fmali  fire.  But  if  any  one  thinks  proper  to 

make 
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make  large  balloons  of  this  fort,  it  is  only  obferving  a 
proportion  of  the  blowing  and  firing  powder,  and  the 
length  of  the  fuze,  for  lhells  of  the  fame  dimenfions  as 
thole  you  intend  to  make.  Thefe  kind  of  balloons  are 
lighter  than  any  other,  by  reafon  of  the  crackers  being 
light,  and  not  lying  clofe  in  the  fnells.  -It  mull  be  ob- 
ferved,  when  you  fire  light  balloons,  not  to  put  lo  much 
powder  in  the  mortar  as  for  heavy. 

Compound  8-inch  Balloons. 

oz.  dr. 

CoerniP°wder{  - ~  »  12 

Powder  for  the  mortar  —  9  4 

Length  of  the  fuze  compofition  1  -8th.  4  oz.  cafes 
drove  with  liar  compofition  3- 8  ths  of  an  inch,  and  bounced 
3  diameters,  16.  2  oz.  tailed  ftars,  16.  2  oz  drove 

brilliant  liars,  12.  Silver  rain-falls,  20.  1  oz.  drove  blue 
liars,  2g:  and  1  oz.  cafes  drove  and  bounced  2  diameters, 
as  many  as  will  fill  the  Ihell. 

Another  of  8  inches. 

Meal  7  t  C 
Corn  t  P°wder  / 

Powder  for  the  mortar 

Length  of  the  fuze  compofition  i  inch  i  8th;  crackers 
of  6  reports,  i  o.  Gold  rains,  *  4.  2  oz.  cafes  drove 

with  fiar  compofition  3  8 ths  of  an  inch,  and  bounced 
2  diameters,  16,  2  oz.  tailed  ftars,  16,  2  oz.  drove 

brilliant  liars,  12  Silver  rains,  10.  1  oz.  drove  blue 
liars,  20 :  and  1  oz.  cafes  drove  with  a  brilliant  charge 
2  diameters  and  bounced  3,  as  many  as  the  Ihell  will  - 
hold.  r; 

.'Another 


oz.  dn 
2  8 

1  12 

9  4 
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Another  of  8  inches 


oz.  df. 

2  12 
2  O 


Powder  for  the  mortar 


Length  of  the  fuze  com pofition  i  inch  i  16th.  Crack¬ 
ers  of  6  reports,  10.  Gold  rains.,  20.  2  oz  cafes 

drove  with  flat  com  pofition'  {  an  inch,  and  bounced 
2  diameters,  i 6.  2  oz.  drove  brilliant  ftars,  2  oz.  drove 

blue  flars,  2  oz,  drove  coloured  (tars,  2  oz  drove  tailed 
liars,  large  firung  {tars,  and  rolled  {tars,  of  each  an 
equal  quantity,  fufficient  for  the  balloon. 

A  compound  10-inch  Ba'loon. 


oZ.  dr, 

3  4 

2  8 

M2  8 


Powder  for  the  mortar 


Length  of  the  fuze  compofition  15  i6ths  of  an  inch. 
1  oz.  cafes  drove  and  bounced  ^  diameters,  16.  Crack¬ 
ers  of  8  reports,  12.  4  oz.  cafes  drove  §  an  inch  with  {tar 
compofition,  and  bounced  2  diameters,  14.  2  oz.  cafes 
drove  with  brilliant  fire  1  J  diameter,  and  bounced  2  dia¬ 
meters,  16.  2  oz.  drove  brilliant  ftars,  30.  2  oz.  drove 
blue  ftars,  30.  Gold  rains,  20.  Silver  rains  20.  After  all 
thefeare  putin,  fill  the  remainder  of  the  cafe  with  tailed 
and  rolled  ftars. 


Ten-inch  Balloon  of  3  changes 


oz,  dr* 


3  0 
3  * 
13  o 


Powder  for  the  mortar 


Length 
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Length  of  the  fuze  composition  1  inch.  The  Shell  muft: 
be  loaded  with  2  oz.  cafes,  drove  with  Star  composition 
1  of  an  inch,  and  on  that  1  diameter  of  gold  fire,  then 
bounced  3  diameters;  or  with  2  oz.  cafes  firft  filled 
1  diameter  with  gold-fire,  then  |  of  an  inch  with  fiat 
compofition,  and  on  that  1  diameter  and  J  of  brilliant 
fire.  Thefe  cafes  muff  be  well  fecured  at  top  of  the 
charge,  left  they  Should  take  fire  at  both  ends;  but  their 
necks  mu  ft  be  larger  than  the  common  proportion. 

To  make  Balloon  Fuzes. 

Fuzes  for  air  balloons  are  fometimes  turned  out  of  dry 
beech,  with  a  cup  at  top,  to  hold  the  quick-match,  as 
you  fee  in  Plate  II.  Fig.  28,  but  if  made  with  pafted  pa¬ 
per,  they  will  do  as  well :  the  diameter  of  the  former 
for  fuzes  for  coehorn  balloons,  mu  ft  be  |  an  inch;  for  a  royal 
fuze,  5  8ths  of  an  inch  ;  for  an  8 -inch  fuze,  J  of  an  inch  | 
and  for  a  10-inch  fuze,  7  8ths  of  an  inch.  Having 
rolled  your  cafes,  pinch  and  tie  them  almoft  clofe  at  one 
end ;  then  drive  them  down,  and  let  them  dry ;  before  you 
begin  to  fill  them,  mark,  on  the  outfide  of  the  cafe,  the 
length  of  charge  required,  allowing  for  the  thicknefs  of 
the  bottom  ;  and  when  you  have  rammed  in  the  com¬ 
position,  take  2  pieces  of  quick-match,  about  6  inches 
long,  and  lay  one  end  of  each  on  the  charge,  and  then 
a  little  meal  powder,  which  ram  down  hard  ;  theloofe 
ends  of  the  match  double  up  into  the  top  of  the  fuze* 
and  cover  it  with  a  paper  cap  to  keep  it  dry.  When  you 
put  the  Shells  in  the  mortars,  uncap  the  fuzes,  and  pull 
out  the  loofe  ends  of  the  match,  and  let  them  hang  on 
the  Sides  of  the  ball  >dns.  The  ufe  of  the  match  is,  to 
receive  the  fire  rom  the  powder  in  the  chamber  of  the 
mortar,  in  order  to  light  the  fuze  :  the,  Shell  being  put 
in  the  mortar  with  the  fuze  up  ■'ermoft,  and  exafldy  in 
the  centre;  fprinide  over  it  a  little  meal-powder*  and 
it  will  be  ready  to  be  fired  Fuzes  made  of  wood  muff 
be  longer  than  thofe^f  paper,  and  not  bared  quite 
through,  but  left  folid  about  f  an  inch  at  bqttom  \  and 

when 
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when  you  ufe  them,  faw  them  off  to  a  proper  length*  me^ 
Turing  the  charge  from  Ihe  cup  at  top. 

Tourbillons. 

Having  filled  fome  cafes  within  about  i  f  diameter* 
drive  in  a  ladle- full  of  clay,  then  pinch  their  endsclofe, 
and  drive  them  down  with  a  mallet ;  when  done,  find 
the  centre  of  gravity  of  each  cafe,  where  you  nail  and 
tie  a  flick,  which  fhould  be  f  an  inch  broad  at  the  mid¬ 
dle,  and  run  a  little  narrower  to  the  ends  ;  thefe  flicks 
muff  have  their  ends  turned  upwards,  fo  that  the  cafes 
may  turn  horizontally  on  their  centres :  at  the  oppofite 
fidesof  the  cafes,  at  each  end, '  bote  a  hole  clofe  to  the 
day  with  a  gimblet,  the  fize  of  the  neck  of  a  common 
cafe  of  the  fame  nature;  from  thefe  holes  draw  a  line 
round  the  cafe,  and  at  the  under  part  of  the  cafe  bore  a 
hole,  with  the  fame  gimblet,  wdthin  \  a  diameter  of  each 
line  towards  the  centre,  then  from  one  hole  to  the  other 
draw  a  right  line.  This  line  divide  into  3  equal  parts, 
and  at  X  and  Y,  Fig.  29,  Plate  III.  bore  a  hole,  then 
from  thefe  holes  to  the  other  2,  lead  a  quick-match,  over 
which  pafle  a  thin  paper.  Fig.  30  reprefen ts  a  tourbil- 
lon  as  it  fhould  lie  to  be  fired,  with  a  leader  from  one 
fide  hole  A,  to  the  other  8.  When  you  fire  tourbillons, 
lay  them  on  a  fmooth  table,  with  their  flicks  downwards, 
and  burn  the  leader  through  the  middle  with  a  port  fire. 
They  fhould  fpin  3  or  4  feconds  on  the  table  before 
they  rife,  which  is  about  the  time  the  compofition  will 
be  burning,  from  the  fide  holes  to  thofe  at  bottom. 

To  tourbillons  may  be  fixed  reports,  in  this  manner  : 
in  the  centre  of  the  cafe  at  top,  make  a  fmall  hole,  and 
in  the  middle  of  the  report  make  another;  then  place 
them  together,  and  tie  on  the  report,  and  with  a  fingle 
paper  fecure  it  from  fire:  this  done,  your  tourbillon  is  corn- 
pleated.  By  this  method  you  may  fix  on  tourbillons, 
fmall  cones  of  ftars,  rains,  &c.  but  be  careful  not  to  load 
them  too  much.  1  8th  of  an  inch  will  be  enough  for 
the  thicknefs  of  the  flicks,  and  their  length  equal  to  that 
of  the  cafes,  ; 

’  To 
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To  make  Mortars  to  throw  Aigrettes,  and 
to  load  and  fire  them. 

Mortars  to  throw  aigrettes  are  generally  made  of  pafle- 
board,  of  the  fame  thicknefs  as  ballo  n  mortars,  and  2  f 
diameters  long  in  the  infide  from  the  t  p  of  the  foot: 
the  foot  mu  1  be  made  of  elm  without  a  chamber,  but 
fiat  at  top,  and  in  the  fame  proportion  as  thoie  for  bal- 
l  Son  mortars;  thefe  mortars  mull  alfo  be  bound  round 
with  cord  as  before  mentioned  :  fometimes  8  or  9  of 
thefe  mortars,  of  about  3  or  4  inches  diameter,  are  bound 
all  together  fo  as  to  appear  but  1  ;  but  when  they- are 
made  for  this  purpofe,  the  bottom  of  the  foot  mult  be 
of  the  fame  diameter  as  the  mortars,  and  only  §  a  dia¬ 
meter  high.  Your  mortars  being  bound  well  together, 
fix  them  on  a  heavy  folid  block  of  wood :  to  load  thefe 
mortars,  firfl  put  on  the  infide  bottom  of  each,  a  piece  of 
paper,  and  on  it  fpread  j  §  oz.  of  meal  and  corn  powder 
mixed  ;  then  tie  your  ferpents  up  in  parcels  with  quick- 
match,  and  put  them  in  the  mortar  with  their  mouths 
downwards ;  but  take  care  the  parcels  do  not  fit  too 
tight  in  the  mortars,  and  that  all  the  ferpents  have  been 
well  primed  with  powder  wetted  with  fpirit  of  wine : 
on  the  top  of  the  ferpents  in  each  mortar  lay  fome  paper 
or  tow ;  then  carry  a  leader  from  one  mortar  to  the 
other  all  round,  and  then  from  all  the  outfide  mortars 
into  that  in  the  middle:  thefe  leaders  touft  be  put  be¬ 
tween  the  cafes  and  the  fides  of  the  mortar,  down  to  the 
powder  at  bottom :  in  the  centre  of  the  middle  mortar 
fix  a  fire-pump,  or  brilliant  fountain,  which  mull  be  open 
at  bottom,  and  long  enough  toprojedfout  of  the  mouth 
of  the  mortar  ;  then  pafte  paper  on  the  tops  of  all  the 
mortars. 

Mortars  thus  prepared  are  called  a  Nell  of  S  rpents, 
as  reprefented  by  Fig.  31.  When  you  would  fire  thefe 
mortars,  light  the  fire-pump  C,  which  when  confumed 
will  communicate  to  all  the  mortars  at  once,  by  means 
of  the  leaders.  For  mortars  of  6,  or  io  inches  dia- 

F  meter* 
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meter,  the  ferpents  fhould  be  made  in  i  and  2  oz.  cales, 
6  or  7  inches  long,  and  fired  by  a  leader,  brought  out  of 
the  mouth  of  the  mortar,  and  turned  down  the  outfide, 
and  the  end  of  it  covered  with  paper,  to  prevent  the 
fparks  of  the  other  works  from  fetting  it  on  fire.  For  a 
6  inch  mortar,  let  the  quantity  of  powder  for  firing  be 
2  oz.  for  an  8-inch,  2  £  oz.  and  for  a  1  o  inch,  3  Joz.  Care 
muft  be  taken  in  thefe,  as  well  asfmall  mortars,  not  to  put 
the  ferpents  in  too  tight,  for  fear  of  bur  ding  the  mortars. 
Thefe  mortars  may  be  loaded  with  flar  ,  crackers,  &c. 

If  the  mortars,  when  loaded,  are  to  be  lent  any  di- 
Rance,  or  liable  to  be  much  moved,  the  firing  powder 
fhould  be  fecured  from  getting  amongfl  the  ferpents, 
which  would  endanger  the  mortars,  as  well  as  hurt  their 
performance  *,  to  prevent  which,  load  your  mortars  thus : 
firfl  put  in  the  firing  powder,  and  fpread  it  equally 
about  ;  then  cut  a  round  piece  of  blue  touch-paper, 
equal  to  the  exterior  diameter  of  the  mortar,  and  draw  on 
it  a  circle,  equal  to  the  interior  diameter  of  the  mortar, 
and  notch  it  all  round  as  far  as  that  circle ;  then  pafle 
that  part  which  is  notched,  and  put  it  down  the  mortar 
clofe  to  the  powder,  and  flick  the  palled  edge  to  the 
mortar :  this  will  keep  the  powder  always  fmooth  at 
bottom,  fo  that  it  may  be  moved  or  carried  any  where, 
without  receiving  damage.  The  large  fingle  mortars  are 
called  Pots  des  Aigrettes. 

Making,  loading,  and  firing  of  Pots  des 

Brins. 

Thefe  are  made  of  pafle  board,  and  mufl  be  relied 
pretty  thick ;  usually  made  3  or  4  inches  diameter,  and 
4  diameters  long,  and  pinched  with  a  neck  at  one  end, 
like  common  cafes.  A  number  of  thefe  are  placed  on  a 
plank  thus :  having  fixed  on  a  plank  2  rows  of  wooden 
pegs,  cut,  in  the  bottom  of  the  plank,  a  groove  the 
whole  length  under  each  row  of  pegs ;  then,  through 
the  centre  of  each  peg,  bore  a  hole  down  to  the  groove 

a 


FIREWORK  S.  67 

at  bottom,  and  on  every  peg  fix  and  glue  a  pot,  whole 
mouth  muft  fit  tight  on  the  peg:  through  all  the  holes 
run  a  quick-match,  one  end  of  which  muft  go  into  the  pot, 
and  the  other  into  the  groove,  which  muft  have  a  match 
laid  in  it  from  end  to  end,  and  covered  with  paper,  fo  that 
when  lighted  at  one  each  it  may  difcharge  the  whole  almoft 
inftantaneoufty :  in  all  the  pots  put  about  1  oz.  of  meal  and 
corn  powder;  then  in  feme  put  ftars,  and  others. rains, 
fnakes,  ferpents,  crackers,  &c.  when  they  are  all  loaded, 
pafte  paper  over  their  mouths.  2  or  ,00  of  thefe  pots 
being  fired  together,  make  a  very  pretty  (how,  by  afford¬ 
ing  fo  great  a  variety  of  fires.  Fig  3  2  is  a  range  of  pots 
des  brins,  with  the  leader  A,  by  which  they  are  fired. 

Pots  des  Sauciffons 

Are  generally  fired  out  of  large  mortars  without  chain- 

O  j  o 

hers,  the  fame  as  thofe  for  aigrettes,  only  fomew'hat 
ftronger:  fauciftons  are  made  of  1  and  2  oz.  cafes,  5  or  6 
inches  long,  and  choaked  in  the  fame  maner  as  ferpents : 
half  the  number  which  the  mortar  contains,  muft  be 
drove  1  §  diameter  with  compofition,  and  the  other  half 
2  diameters,  fo  that  when  fired  they  may  give  2  volleys 
of  reports ;  but  if  the  mortars  are  very  ftrong,  and  will 
bear  a  fufficient  charge,  to  throw  the  fauciftons  very 
high,  you  may  make  3  volleys  of  reports,  by  dividing 
the  number  of  cafes  into  3  parts,  and  making  a  dif¬ 
ference  in  the  height  of  the  charge:  after  they  are  filled, 
pinch  and  tie  them  at  top  of  the  charge,  alrnoft  clofe ; 
only  leaving  a  fj3na.ll  vent  to  communicate  the  fire  to  the 
upper  part  of  the  cafe,  which  muft  be  filled  with  corn 
powder  very  near  the  top ;  then  pinch  the  end  quite  clofe, 
and  tie  it ;  after  this  is  done,  bind  the  cafe  very  tight 
with  waxed  pack-th:  ead,  from  the  choak  at  top  of  the 
compofition,  to  the  end  of  the  cafe  ;  this  will  make  the 
cafe  very  ftrong  in  that  part,  and  caufe  the  report  to  be 
very  loud  :  fauciftons  fliould  be  rolled  a  little  thicker  of 
paper  than  the  common  proportion.  When  they  are 
to  be  put  in  the  mortar,  they  muft  be  primed  in  their 
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mouths,  and  fired  by  a  cafe  of  brilliant  fire  fixed  ui 

their  centre. 

The  charge  for  thefe  mortars  lhould  be  i-6th,  or 
i -8  th,  more  than  for  pots  des  aigrettes  of  the  fame 
diameter. 

To  fix  one  Rocket  on  the  Top  of  another^ 

When  fky  rockets  are  thus  managed,  they  are  called 
Towering  Rockets,  on  account  of  their  mounting  fo  very 
high.  Towering  rockets  are  made  after  this  manner ; 
fix  on  a  pound  rocket  a  head  without  a  collar ;  then  take 
a  4  oz.  rocket,  which  may  be  headed  or  bounced,  and 
rub  the  mouth  of  it  with  meal  powder  wetted  with  ipirit 
of  wine;  when  done,  put  it  in  the  head  of  the  large 
rocket  with  its  mouth  downwards  but  before  you  put 
it  in,  flick  a  bit  of  quick-match  in  the  hole  in  the  clay 
of  the  pound  rocket,  which  match  fliould  be  long  enough 
to  go  a  little  way  up  the  bore  of  the  fmail  rocket,  to  fire 
it,  when  the  large  is  burnt  out :  the  4  oz.  rocket  being 
too  fmail  to  fill  the  head  of  the  other,  roll  round  it  as 
much  tow  as  will  make  it  Hand  upright  in  the  centre  of 
the  head :  the  rocket  being  thus  fixed,  pafte  a  fingle  paper 
round  the  opening  of  the  top  of  the  head  of  the  large 
rocket.  The  large  rocket  mufi  have  only  half  a  diameter 
of  charge  rammed  above  the  piercer,  for,  if  filled  to  the 
ufual  height,  it  would  turn  before  the  fmail  one  takes 
fire,  and  entirely  clefiroy  the  intended  effedt :  when  one 
rocket  is  headed  with  another,  there  will  be  no  occafion 
for  any  blowing  powder;  for  the  force  with  which  it  fets 
off*  will  be  fufficient  to  difengage  it  from  the  head  of  the 
firft  fired  rocket.  The  flicks  for  thefe  rockets  mufl  be 
a  little  longer  than  for  thole  headed  with  liars,  rains,  &e. 

Caduceus  Rockets, 

In  riling,  form  2  fpiral  lines,  or  double  worm,  by  rea¬ 
son  of  their  being  placed  obliquely,  one  op  polite  the 

other  * 
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other;  and  their  counterpoife  in  their  centre,  which 
eaufes  them  to  rife  in  a  vertical  direction.  Rockets  for 
this  pnrpofe  muft  have  their  ends  choaked  clofe,  without 
either  head  or  bounce;  for  a  weight  at  top  would  be 
a  great  obftru£tian  to  their  mounting *,  though  I  have 
known  them  fometimes  to  be  bounced,  but  then  they 
did  not  rife  fo  high  as  thofe  that  were  not ;  nor  do  any 
Caduceus  rockets  afcend  fo  high  as  fingle,  becaufe  of 
their  ferpentine  motion,  and  likewife  the  refiftance  of 
air,  wThich  is  much  greater  than  2  rockets  of  the  fame 
fize  would  meet  with,  if  fired  fingly. 

ByF  ig.  33.  you  fee  the  method  of  fixing  thefe  rockets: 
the  flicks  for  this  purpofe  muft  have  all  their  fides  equal, 
which  fides  Ihould  be  equal  to  the  breadth  of  a  ftick 
proper  for  a  fky  rocket  of  the  fame  weight  as  thofe  you 
intend  to  ufe,  and  to  taper  downwards  as  ufnal,  long 
enough  to  balance  them,  1  length  of  a  rocket,  from 
the  crofs  ftick;  which  muft  be  placed  from  the  large 
ftick,  6  diameters  of  1  of  the  rockets,  and  its  Jengtl> 
7  diameters;  fo  that  each  rocket,  when  tied  on,  may  form 
with  the  large  ftick  an  angle  of  60  degrees.  In  tying 
on  the  rockets,  place  their  heads  on  the  oppofite  fides 
of  the  crofs  ftick,  and  their  ends  on  the  oppoftte  fides 
of  the  long  ftick;  then  carry  a  leader  from  the  mouth  of 
one  into  that  of  the  other.  When  thefe  rockets  are  to 
be  fired,  fufpend  them  between  2  hooks  or  nails,  then 
burn  the  leader  through  the  rniddle,  and  both  will  take 
fire  at  the  fame  time.  Rockets  of  1  lb.  are  a  good  fize 
for  this  ufe. 

Honorary  Rockets 

Are  the  fame  as  fky  rockets,  except  that  they  carry 
no  head  nor  report,  but  are  clofed  at  top,  on  which  is 
fixed  a  cone ;  then  on  the  cafe,  clofe  to  the  top  of  the 
ftick,  you  tie  a  2  oz.  cafe,  about  5  or  6  inches  long,  filled 
with  a  ftrong  charge,  and  pinched  clofe  at  both  epds ; 
then  in  the  reverfe  fides,  at  each  end,  bore  a  hole  in  the 
fame  manner  as  in  tourbillons ;  from  each  Foie  carry  a 

F  3  leader 


7o  £  ARTIFICIAL 

leader  into  the  top  of  the  rocket.  When  the  rocket  fa 
fired,  and  arrived  to  its  proper  height,  it  will  give  fire 
to  the  cafe  at  top,  which  will  caule  both  rocket  and 
flick  to  fpin  very  faff  in  their  return,  and  reprefen t 
a  worm  of  fire,  descending  to  the  ground. 

1  here  is  another  method  of  placing  the  fmall  cafe, 
which  is  bv  etting  the  flick  rile  a  little  above  the  top 
of  the  roc  et,  and  tying  the  cafe  to  it,  fo  as  to  reft  on 
the  rocket:  thefe  rockets  have  no  cones. 

There  is  alfo  a  third  method,  by  which  they  are 
managed,  which  is  thus  :  in  the  top  of  a  rocket  fix  a 
piece  of  wood,  in  which  drive  a  fmall  iron  fpindle*,  then 
make  a  hole  in  the  middle  of  the  fmall  cafe,  through 
which  put  the  fpindle  ;  then  fix  on  the  top  of  it  a  nut, 
to  keep  the  cafe  from  falling  off  •,  when  this  is  done,  the 
cafe  will  turn  very  faft,  without  the  rocket:  but  this 
method  does  not  anfwer  fo  well  as  either  of  the  for¬ 
mer. 

Fig.  34.  is  the  honorary  rocket  complete.  The  beft; 
ftzed  rockets  for  this  purpofe  are  thole  of  1  lb. 

To  divide  the  Tail  of  a  Sky  Rocket  fo 
as  to  form  an  Arch  when  afcending. 

Having  feme  rockets  made,  and  headed  according 
to  fancy,  and  tied  on  their  fticks ;  get  feme  fheet  tin, 
and  cut  it  into  round  pieces  about  3  or  4  inches  diame¬ 
ter  y  then  on  the  flick  of  each  rocker,  under  the  mouth 
of  the  cafe,  fix  1  of  thefe  pieces,  of  tin,  16  inches  from 
the  rocket’s  neck,  and  fupport  it  by  a  wooden  bracket, 
as  ftrong  as  poffible:  the  ufe  of  this  is,  that  when  the 
rocket  is  afcending,  the  fire  will  play  with  great  force 
on  the  tin,  which  will  divide  the  tail  in  fuch  a  manner, 
that  it  will  form  an  arch  as  it  mounts,  and  will  have  a 
very  good  effeft  when  well  managed :  if  there  is  a  fhort 
piece  of.  port-fire,  of  a  ftrong  charge,  tied  to  the  end  of 
the  flick,  it  will  make  a  great  addition ;  but  this  muft 
be  lighted  before  you  fire  the  rocket* 


To 
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To  make  feveral  Sky  Rockets  rife  in  the 
fame  dire&ion,  and  equally  diftant  from 
each  other. 


T ake  6  or  any  number  of  fky  rockets,  of  what  fize 
you  pleafe;  then  cut  fome  ftrong  pack-thread  into 
pieces  of  3  or  4  yards  long,  and  tie  each  end  of  thefe 
pieces  to  a  rocket  in  this  manner.  Having  tied  one  end 
of  your  pack-thread  round  the  body  of  one  rocket,  and 
the  other  end  to  another*,  take  a  2nd  piece  of  pack¬ 
thread  and  make  one  end  of  it  fail  to  one  of  the  rockets 
already  tied,  and  the  other  end  to  a  3d  rocket,  fo  that  all 
the  rockets,  except  the  2  outfide,  will  be  faflened  to 
2  pieces  of  pack-thread:  the  length  of  thread  from  one 
rocket  to  the  other,  may  be  what  the  maker  pleafes; 
but  the  rockets  mud  be  all  of  a  fize,  and  their  heads 
filled  with  the  fame  weight  of  ftars,  rains,  &c 

Havin^  thus  done,  fix  in  the  mouth  of  each  rocket 
a  leader  of  the  fame  length;  and,  when  you  are  going 
to  fire  them,  hang  them  almo.t  clofe  ;  then  tie  the  ends 
of  the  leaders  together,  and  prime  them:  this  prime 
being:  fired,  all  the  rockets  will  mount  at  the  fame  time, 
and  divide  as  far  as  the  firinv.s.  will  allow  ;  which  divifion 
they  will  keep,  provided  they  are  all  rammed  alike, 
and  well  made.  They  are  called,  by  fome,  Chained 
Rockets. 


Signal  Sky  Rockets 

Are  made  of  feveral  kinds,  according  to  the  different 
fignals  intended  to  be  given:  but  in  Artificial  Fireworks, 
2  forts  are  only  uled,  which  are  one  with  reports,  and 
the  other  without;  but  thofe  for  the  ufe  of  the  Navy  and 
Army  are  headed  with  ftars,  ferpents,  &c.- - Rock¬ 

ets  which  are  to  be  bounced,  muft  have  their  cafes  made 
I  f  or  2  diameters  longer  than  the  commpn  proportion, 

and 
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and,  after  they  are  filled,  drive  in  a  double  quantity  of 
clay;  then  bounce  and  pinch  them,  after  the  ufual  mari¬ 
ner,  and  fix  on  each  a  cap. 

Signal  iky  rockets  without  bounces,  are  only  fky 
rockets  doled  and  capped;  thefe  are  very  light,  therefore 
do  not  require  fuch  heavy  flicks  as  thofe  with  loaded 
heads;  for  which  reafon,  you  may  cut  one  length  of 
the  rocket  off  the  ftipk,  or  elfe  make  them  thinner: 

Signal  rockets  with  report^,  are  fired  in  fmall  flights; 
and  oft  both  rhefe,  and  thofe  without  reports,  are  ufed 
for  a  fignal  to  begin  firing  a  collection  of  works. 

To  fix  two  or  more  Sky  Rockets  on  one 

flick. 

Two,  3,  or  6  iky  rockets,  fixed  on  1  flick,  and  fired 
together,  make  a  grand  and  beautiful  appearance;  fot 
the  tails  of  all  will  feem  but  as  oqeof  an  immenfe  fize, 
and  the  breaking  of  fo  many  heads  at  once  will  re* 
femble  the  burfling  of  an  air  balloon;  but  the  manage- 
merit  of  this  device  requires  a  ikilful  hand;  therefore, 
for  the  encouragement  of  thofe  who  are  fond  of  curious 
performances,  1  fliall  give  fuch  inftrudtions,  that,  if 
well  obferved,  even  by  thofe  who  have  not  made  a  great 
progrefs  in  this  art,  there  will  be  no  doubt  of  the  rockets 
having  the  defired  effedb 

Rockets  for  this  purpofe  muft  be  made  with  the 
greateft  exacflnefs,  all  rammed  by  the  fame  hand,  in 
the  fame  mould,  and  out  of  the  one  proportion  of  com- 
pofition ;  and  after  they  are  filled  and  headed,  muft  all 
be  of  the  fame  weight;  the  flick  muft  alfo  be  well  made, 
(and  proportioned)  to  the  following  directions :  firft,  fup- 
pofing  your  rockets  to  be  \  pounders,  whole  flicks  are 
6  feet  6  inches  long,  then  if  2,  3,  or  6  of  thefe  are  to 
be  fixed  on  1  flick,  let  the  length  of  it  be  9  feet  9  inches  ; 
then  cut  the  top  of  it  into  as  many  fides,  as  there  are 
rockets,  and  let  the  length  of  each  fide  be  equal  to  the 
length  of  1  of  the  rockets  without  its  head  ;  and  in  each 
fide  cut  a  groove,  (as  ufual);  then  from  the  grooves 
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plane  it  round,  down  to  the  bottom,  where  its  thick* 
nefs  muft  be  equal  to  half  the  top  of  the  round  part. 
As  their  thicknefs  cannot  be  exactly  afcertained,  I  lhall 
give  a  rule  which  generally  anfwers  for  any,  number  of 
rockets  above  two  :  the  rule  is  this;  that  the  flick  at  top 
mu'i'  be  thick  enough,  when  the  grooves  are  cut,  for  all 
the  rockets  to  lie,  without  pr effing  each  other,  though 
as  near  as  poffible. 

When  only  2  rockets  are  to  be  fixed  on  1  flick,  let  the 
length  of  the  flick  be  the  lafl  given  proportion,  but 
fhaped  after  the  common  method,  and  the  breadth  and 
thicknefs,  double  the  dimenfions  given  in  the  Table, 
page  5o.  1  he  point  of  poife  mull  be  in  the  ufual  place, 

(let  the  number  of  rockets  be  wrhat  they  will :)  if  flicks 
made  by  the  above  directions  fhould  be  too  heavy, 
plane  them  thinner;  and  if  too  light,  make  them 
thicker;  but  always  make  them  of  the  fame  length. 

When  more  than  two  rockets  are  tied  on  one  flick, 
there  will  be  feme  danger  of  their  flying  up  without 
the  flick,  unlefs  the  following  precaution  is  taken  ;  for 
cafes  being  placed  on  all  fides,  there  can  be  no  notches 
for  the  cord  which  ties  on  the  rockets  to  lie  in  ; 
therefore,  inflead  of  notches,  drive  a  fmall  nail,  in  each 
fide  of  the  flick,  between  the  necks  of  the  cafes ;  and 
let  the  cord,  which  goes  round  their  necks,  be  brought 
clofe  under  the  nails ;  by  this  means  the  rockets  will  be 
as  fecure,  as  when  tied  on  fingly.  Your  rockets  being 
thus  fixed,  carry  a  quick-match,. without  a  pipe,  from  the 
mouth  of  one  rocket  to  the  other ;  this  match  being 
lighted  will  give  fire  to  all  at  once. 

Though  the  directions  already  given  may  be  fuffi- 
cient  for  thefe  rockets^  i  lfiall  here  add  an  improvement 
of  my  own,  on  a  very  effential  part  of  this  device, 
which  is,  that  of  hanging  th^  rockets  to  be  fired;  for 
before  I  hit  upon  the  following  method,  many  of  my 
effays  proved  unfuccefsful ;  but  to  prevent  fuch  per¬ 
plexities,  inftead  of  the  old  and  common  manner  of 
hanging  them  on  nails  or  hooks,  make  ufe  of  this  con¬ 
trivance  ;  have  a  ring  made  of  flrong  iroq  wire,  large 
*'  '  ’  .  enough 
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enough  for  the  Hick  to  go  in,  as  far  as  the  mouths  of 
the  rockets  *,  then  let  this  ring  be  fupported  by  a  fmall 
iron,  at  feme  diftance  from  the  poft  or  Hand  to  which 
it  is  fixed  then  have  another  ring,  fit  to  receive  and 
guide  the  fmall  end  of  the  ftick.  Rockets  thus  fufpended 
will  have  nothing  to  obfirud  their  fire  ;  but  when  they 
are  hung  on  nails  or  hooks,  in  fuch  a  manner,  that 
fame  of  their  mouths  are  againft  or  upon  a  rail,  there 
can  be  no  certainty  of  their  riling  in  a  vertical  direction. 

To  fire  Sky-rockets  without  Sticks. 

You  muft:  have  a  Hand,  of  a  block  of  wood,  a  foot 
diameter,  and  make  the  bottom  fiat,  fo  th  t  it  may 
Rand  Ready ;  in  the  centre  of  the  top  of  this  block 
draw  a  circle  2  §  inches  diameter,  and  divide  the  cir¬ 
cumference  of  it  into  3  =  parts;  then  take  3  pieces  of 
thick  iron  wire,  each  about  3  feet  long,  and  drive  them 
into  the  block,  i  at  each  point  made  on  the  circle ; 
When  thefe  wires  are  drove  in  deep  enough  to  hold  them 
faR,  and  upright,  fo  that  the  diftance  from  one  to 
the  other  is  the  fame  at  top  as  at  bottom,  the  Hand  is 
complete. 

The  Hand  being  thus  made,  prepare  your  rockets 
thus  :  take  fome  common  iky-rockets,  of  any  fize,  and 
head  them  as  you  pleafe  ;  then  get  fome  balls  of  lead, 
and  tie  to  each  a  fmall  wire,  2  or  2  4  feet  lonm  and 
the  other  end  of  each  wire  tie  to  the  neck  of  a  rocket: 
thefe  balls  anfwer  the  purpofe  of  fticks,  when  made  of  a 
proper  weight,  which  is  about  2-2ds  the  weight  of  the 
rocket;  but  when  they  are  of  a  proper  fize,  they 
will  balance  the  rocket  in  the  fame  manner  as  a  ftick, 
at  the  ufual  point  ofpoife.  To  fire  thefe,  hang  them,  1 
one  at  a  time,  between  the  tops  of  the  wires,  letting 
their  heads  reft  on  the  point  of  the  wires,  and  the  balls 
hang  down  between  them  :  if  the  wires  fiiould  be  too 
wide  for  the  rockets,  prefs  them  together,  till  they  fit, 
and  if  too  clofe,  force  them  open :  the  wires  for  this 
purpofe  muft  be  foftened,  fo  as  not  to  have  any  fpring, 

or 
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or  they  will  not  keep  their  portion,  when  preffed  cloft 
or  opened. 

Rain-falls  for  Sky-rocket',  Double  and 

Single. 

Gold  and  filver  rain  compofition  are  drove  in  cafes 
that  are  pinched  quite  clofe  at  one  end  :  if  you  roll  them 
dry,  4  or  5  rounds  of  paper  will  be  ilrong  enough,  but 
if  they  are  palled,  3  rounds  will  do  ;  and  the  thin  fort 
of  cartridge  paper  is  bell  for  t'hofe  fmall  cafes,  which 
in  rolling  you  mull  not  turn  down  the  infide  edge,  as  in 
other  cafes,  for  a  double  edge  would  be  too  thick  for  fo 
fmall  a  bore.  The  moulds  for  rain-falls  fhould  be  made 
ofbrafs,  and  turned  very  fmooth  in  the  infide;  or  the 
cafes,  which  are  fo  very  thin,  would  tear  in  coming  out; 
for  the  charge  mu  ft  be  drove  in  tight ,  and  the  better 
the  cafe  fits  the  mould,  the  more  driving  it  will  bear. 
Thefe  moulds  have  no  nipple,  but  inftead  of  which 
they  are  made  flat:  as  it  would  be  very  tedious  and 
troublefome  to  fhake  the  compofition  out  of  fuch  fmall 
ladles,  as  are  ufed  for  thefe  cafes,  it  will  be  neceflarv  to 
have  a  funnel,  made  of  thin  tin,  to  lit  on  the  top  of  the 
cafe,  by  the  help  of  which  you  may  fill  them  very  fall. 
For  lingle  rain-falls  for  4  oz.  rockets,  let  the  diameter 
of  the  former  be  2  i  6ths  of  an  inch,  and  the  length  of 
the  cafe  2  inches  ;  for  8  oz.  rockets,  4  i6ths,  and  2  dia¬ 
meters  of  the  rocket  long;  for  1  lb.  rockets,  5  i  6ths,and 
2  diameters  of  the  rocket  long;  for  2  lb.  rockets,  5  i6th.% 
and  3  i  inches  long;  for  4  lb  rockets,  6  i6ths,  and 
4  §  inches  long;  and  for  6-pounders,  7  ibths  diameteq 
and  3  inches  Ion?. 

Of  double  rain-falls  there  are  2  forts;  as,  for  example, 
fome  appear  firft  like  a  liar,  and  then  as  rain;  and  lome 
appear  firft  as  rain,  and  then  like  a  liar  :  when  you  would 
have  liars  firft ,  you  mull  fill  the  cafes,  within  \  an  inch 
of  the  top,  with  rain  compofition,  and  the  remainder  with 
flar  compofition  ;  but  when  you  intend  the  rain  Ihould 
jbe  firftj  drive  the  cafe  \  ^n  inch  with  ftar  compofition. 
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the  reft  with  rain.  By  this  method  may  be  made  many 
changes  of  fire;  for  in  large  rockets  you  may  make 
them  firft  burn  as  ftars,  then  rain,  and  again  as  ftars ; 
or  they  may  firft  fhew  rain,  then  ftars,  and  finifli  with 
a  report ;  but  when  they  are  thus  managed,  cut  open 
the  firft-rammed  end ;  after  they  are  filled  and  bounced, 
at  which  place  prime  them.  The  ftar  compofition 
for  this  purpofe  mult  be  a  little  ftronger  than  for 
rolled  ftars . 

Strung  Stars. 

Firft  take  fome  thin  paper,  and  cut  it  into  pieces  of 
i  |  inch  fquare,  or  thereabouts;  then  on  each  piece  lay 
as  much  dry  ftar  compofition  as  you  think  the  paper 
will  eafily  contain  ;  then  twift  up  the  paper  as  tight  as 
you  can;  when  done,  rub  fome  pafte  on  your  hands, 
and  roll  the  ftars  between  them ;  then  fet  them  to  dry : 
your  ftars  being  thus  made,  get  fome  flax  or  fine  tow, 
and  roll  a  little  of  it  over  each  ftar;  then  pafte  your  hands 
and  roll  the  ftars  as  before,  and  fet  them  again  to  dry ; 
when  they  are  quite  dry,  with  a  piercer  make  a' hole 
through  the  middle  of  each,  into  which  run  a  cotton 
quick-match,  long  enough  to  hold  io  or  12  ftars,  at 
3  or  4  inches  diftance:  but  any  number  of  ftars  may  be 
ftrung  together  by  joining  the  match. 

Tailed  Stars. 

1  hefe  are  called  tailed  ftars,  becaufe  there  are  a  great 
number  of  fparks  iflue  from  them,  which  reprefent 
a  tail  like  that  of  a  comet.  Of  thefe  there  are  two  forts, 
which  are  Pvolled  and  Drove;  when  rolled,  they  muft  be 
moiftened  with  a  liquor  made  of  half  a  pint  of  fpirit 
of  wine,  and  half  a  gill  of  thin  fize,  of  this  as  much 
as  will  wet  the  compofition  enough  to  make  it  roll  eafy ; 
when  they  are  rolled,  fift  meal  powder  over  them,  and 
fet  them  to  dry. 

When  tailed  ftars  are  drove,  the  compofition  muft 
be  moiftened  with  fpirit  of  wine  only,  and  not  niadefo 

wet 
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Wet  as  for  rolling:  i  and  2  oz.  cafes,  rolled  dry,  are  belt 
for  this  purpofe;  and  when  they  are  filled,  unroll  the 
cafe  within  3  or  4  rounds  of  the  charge,  and  all  that  you 
unroll  cut  off ;  then  pafle  down  the  loofe  edge :  2  or  3 
days  after  the  cafes  are  filled,  cut  them  in  pieces  5or6  8ths 
of  an  inch  in  length  ;  then  melt  fome  wax,  and  dip  one 
end  of  each  piece  into  it,  fo  as  to  cover  the  compofition  : 
the  other  end  rnuft  be  rubbed  with  meal  powder  wetted 
with  fpirit  of  wine. 

Drove  Stars. 

Cafes  for  drove  flars  are  rolled  with  pafle,  but  are 
made  very  thin  of  paper:  before  you  begin  to  fill  them, 
damp  the  compgpfition  with  fpirit  of  wine  thiht  has  had 
fome  camphor  dififolved  in  it;  you  may  ram  them  in¬ 
differently  hard,  fo  that  you  do  not  break,  or  fack  the 
cafe,  to  prevent  which,  they  fhould  fit  tight  in  the 
mould :  they  are  drove  in  cafes  of  feveral  fizes,  from 
8  drams  to  4  oz.  when  they  are  filled  in  J  oz.  cafes, 
cut  them  in  pieces  of  J  of  an  inch  long;  if  1  oz.  cafes, 
cut  them  in  pieces  of  1  inch  ;  if  2  oz.  cafes,  cut  them 
in  pieces  of  1  |  inch  long-,  and  if  4  oz*  cafes,  cut  them 
in  pieces  of  1  |  inch  long :  having  cut  your  flars  of  a  1 
proper  fize,  prime  both  ends  with  wet  meal  powder. 
Thefe  flars  are  feldom  put  in  rockets,  they  being  chiefly 
intended  for  air  balloons,  and  drove  in  cafes,  to  prevent 
the  compofition  from  being  broke  by  the  force  of  the 
blowing  powder  in  the  fheli. 

Rolled  Stars 

Are  commonly  made  about  the  fize  of  a  mufket  ball, 
though  they  are  rolled  of  feveral  fizes,  from  the  bignels 
of  a  piflol  ball,  to  1  inch  diameter,  and  fometimes  very 
fmall,  but  then  called  Sparks.  Great  care  mufl  be  taken 
in  making  flars  firfl,  that  the  feveral  ingredients  are 
reduced  to  a  fine  powder;  fecondly,  that  the  compofition 
is  well  worked  and  mixed.  Before  you  begin  to  roll, 
take  about  a  pound  of  compofition,  and  wet  it  with  the 

%  following: 
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following  liquid,  enough  to  make  it  Click  together  and 
roll  eafy  ;  fpirit  of  wine  i  quart,  in  which  diifolve  \  of 
an  ounce  of  ifinglafs.  If  a  great  quantity  of  compofition 
"be  wetted  at  once,  the  fpirit  will  evaporate,  and  leave  it 
dry,  before  you  can  roll  it  into  flars  :  having  rolled  up 
one  proportion,  ihake  the  liars  in  meal  powder,  and 
fet  them  to  dry,  which  they  will  do  in  3  or  4  days  ;  but 
if  you  fhould  want  them  for  immediate  ufe,  dry  them 
in  an  earthen  pan  over  a  flow  heat,  or  m  an  oven.  It 
being  very  difficult  to  make  the  flars  all  of  an  equal  flze, 
when  the  compofition  is  taken  up  promifcuoufly  with 
the  fingers;  therefore  I  ffiall  here  fet  down  a  method  by 
which  you  may  make  them  very  exact,  which  is,— When 
the  mixture  is  moiflened  properly,  roll  it  on  a  flat  fmooth 
flone,  and  cut  it  into  fquare  pieces,  malHig  each  fquare 
large  enough  for  the  flars  you  intend.  There  is  another 
method  ufed  by  fome  to  make  flars,  which  is  by  rolling 
the  compofition  in  long  pieces,  and  then  cutting  off  the 
liar,  fo  that  each  Aar  will  be  of  a  cylindrical  form  ;  but 
this  method  is  not  fo  good  as  the  former,  for  to  make  the 
compofition  roll  this  way,  it  mu  ft  be  made  very  wet, 
which  makes  the  flars  heavy,  as  well  as  weakens  them. 
All  flars  muft  be  kept  as  much  from  air  as  poflible, 
otherwile  they  will  grow  weak  and  bad. 

Scrolls  for  Sky  Rockets. 

Cafes  for  fcrolls  fhould  be  made  4  or  5  inches  in 
length,  and  their  interior  diameter  3  8ths  of  an  inch  ;  one 
end  ofthefe  cafes  muft  be  pinched  quite  clofe,  before  you 
begin  to  fill,  and  when  filled,  clofe  the  other  end;  then 
in  the  oppofite  fides  make  a  fmall  hole  at  each  end,  to 
the  compofition,  in  the  fame  manner  as  in  Tourbillons  *, 
and  prime  them  with  wet  meal  powder.  You  may  put 
in  the  head  of  a  rocket  asr  many  of  thefe  cafes  as  it  will 
contain  :  being  fired  they  turn  very  quick  in  the  air,  and 
form  a  fcroli  or  fpiral  line.  They  are  generally  filled 
with  a  flrong  charge,  as  that  of  ferpents,  or  brilliant  fire. 

*  S  warmers. 
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Swarmers,  or  fmall  Rockets. 

Rockets  that  go  under  the  denomination  of  Swarmers, 
are  thofefrom  2  oz.  downwards.  Thefe  rockets  are  fired 
fometimes  in  flights,  and  in  large  water-works,  &c. 
Swarmers  of  1  and  2  oz.  are  bored,  and  made  in  the 
fame  manner  as  large  rockets,  except,  when  headed, 
their  heads  mull:  be  put  on  without  a  collar  :  the  number 
of  ftrokes  for  driving  1  oz*  mult  be  eighty  and  for 
2,  oz.  twelve. 

All  rockets  under  1  oz.  are  not  bored,  but  mufl  be 
filled  to  the  ufual  height  w7ith  compofition,  which  is 
generally  compofed  of  fine  meal  powder  4  oz.  and  char¬ 
coal  or  fteel  duff  2  drams:  the  number  of  flrokes  for 
ramming  thefe  fmall  fwarmers  is  not  material,  fo  as 
they  are  rammed  true,  and  moderately  hard.  The 
necks  of  unbored  rockets  mufl  be  in  the  fame  propor¬ 
tion  as  in  common  cafes. 

The  caufe  of  Sky  Rockets  riling. 

Having  proml- 
fed,  in  the  iecond 
fedhon,  to  prove 
that  the  effect  of 
fky  rockets,  and 
proportion  of 
their  charge,  de¬ 
pends  on  the.  fize 
of  the  cavity  in 
the  compofition ; 
I  fhall  here  en¬ 
deavour  to  Hive 
a  mathematical 
demon  fixation 
thereof 
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Let  ABC  be  the  hollow  cone  for  the  fire,  AYCZS, 
the  fuperficies  of  that  cone,  all  the  lines'  OZ  at  right 
angles  with  BC,  all  the  lines  OY  at  right  angles  with 
AC :  now  all  the  angles  ZOY  being  towards  R,  whether 
the  angles  ZOY  are  obtufie  or  acute,  but  the  more  acute 
the  better.  The  rays  of  fire  ZO  and  YO  ifluing  from 
the  tides  of  the  cone  BC  and  AC,  and  continually  aCting 
with  the  greater  force  one  upon  another  at  O,  forcing 
the  whole  BC  A  upward  from  the  point  R  j  and  the  wider 
the  cone  is,  (fo  as  not  to  exceed  one  third  at  bottom, 
and  one  fixth  at  top,  of  the  exterior  diameter  of  the 
rocket)  the  greater  velocity  will  the  rocket  rife  with* 

Stands  for  Sky  Rockets. 

Care  mu  ft  be  taken,  in  placing  the  rockets,  when  they 
are  to  be  fired,  to  give  them  a  vertical  direction  at  their 
firft  fetting  out ;  which  may  be  managed  thus.  Have 
2  rails  of  wood,  of  any  length,  fupported  at  each  end 
by  a  perpendicular  leg,  fo  that  the  rails  be  horizon¬ 
tal,  and  let  the  diftance  from  one  to  the  other  be 
almoft  equal  to  the  length  of  the  fticks  of  the  rockets 
intended  to  be  fired ;  then  in  the  front  of  the  top  rail 
drive  fquare  hooks  at  8  inches  diftance,  with  their  points 
turning  tideways,  fo  that  when  the  rockets  are  hung  on 
them,  the  point?  will  be  before  the  fticks,  and  keep 
them  from  falling,  or  being  blown  off  by  the  wind:  in 
the  front  of  the  rail  at  bottom  muft  be  ftaples,  drove 
perpendicular  under  the  hooks  at  top  ;  through  thefe 
ftaples  put  the  fmall  ends  of  the  rocket  fticks.  Rockets 
are  fired  by  applying  a  lighted  port  fire  to  their  mouths. 

N.  B.  When  tky  rockets  are  made  to  perfection, 
and  fired,  they  will  ftand  2  or  j  feconds  on  the  hook 
before  they  rife,  and  then  mount  up  brifkly,  with  a  fteady 
rnotion,  carrying  a  large  tail  from  the  ground  all  the  way 
up,  and,  juft  as  they  turn,  break  and  difperfethe  ftars. 

Girandole  Cbefts,  for  flights  of  Rockets, 

Are  generally  compofed  of  four  lides,  of  equal  dimen- 
ilofts ,  but  may  be  made  of  any  diameter,  according  to 

the 
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the  number  of  rockets  defigned  to  be  bred;  its  height 
muft  be  in  proportion  to  the  rockets,  but  mu  ft  always 
be  a  little  higher  than  the  rockets  with  their  fticks. 
When  the  hides  are  joined,  ft x  in  the  top,  as  far  down 
the  cheft  as  the  length  of  one  of  the  rockets  with  its 
cap  on.  In  this  top,  make  as  many  fquare  or  round 
holes  to  receive  the  rocket  fticks,  as  you  intend  to  have 
rockets  •,  but  let  the  diftance  between  them  be  fufficient 
for  the  rockets  to  ftand  without  touching  one  another  ; 
then  from  one  hole  to  another  cut  a  groove,  large  enough 
for  a  quick-match  to  lie  in:  the  top  being  thus  fixed, 
put  in  the  bottom,  at  about  i  j  foot  diftance  from  the 
bottom  of  the  cheft ;  in  this  bottom  muft  be  as  many 
holes  as  in  the  top,  and  all  to  correfpond  ;  but  thefe 
holes  need  not  be  fo  large  as  thole  in  the  top. 

To  prepare  your  cheft,  you  muft  lay  a  quick-match*’ 
in  all  the  grooves,  from  hole  to  hole’,  then  take  fome 
Iky  rocke  s,  and  rub  them  in  the  month  with  wet  meal 
powder,  and  put  a  bit  of  match  up  the  cavity  of  each,  which 
match  muft  be  long  enough  to  hang  a  little  below  tne 
mouth  of  the  rocket.  Your  rockets  and  cheft  being  pre¬ 
pared  according  to  the  above  directions,  put  the  fticks 
of  the  rockets  through  the  holes  in  the  top  and  bottom 
of  the  cheft,  fo  that  their  mouths  may  reft  on  the  quick- 
match  in  the  grooves;  by  which  all  the  rockets  will  be 
fired  at  once;  for  by  giving  fire  to  any  part  of  the  match, 
it  will  communicate  to  all  the  rockets  in  an  inftant. 
As  it  would  be  rather  troublefome  to  dired  the  fticks 
from  the  top  to  the  proper  holes  in  the  bottom,  it 
will  be  neceftary  to  have  a  fmall  door  in  one  of  the 
fides,  which  when  opened,  you  may  fee  how  to  place 
the  fticks.  Flights  of  rockets,  being  feldom  fired 
at  the  beginning  of  any  fireworks,  for  which  reafon 
they  are  in  danger  of  being  fired  by  the  fparks  from 
wheels,  &c.  therefore  to  preferve  them,  a  cover  fhould 
be  made  to  fit  on  the  cheft,  and  the  door  in  the  fide 
kept  fhut. 
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Serpents  or  Snakes  for  Pots  of  Aigrettes, 
Small  Mortars,  Sky  Rockets,  &c. 

Serpents  for  this  ufe  are  made  from  2  f  inches,  to 
7  inches  long,  and  their  formers  from  3  i6ths  to  5  8ths 
of  an  inch  diameter  ;  but  the  diameter  of  the  cafes 
muff  always  be  equal  to  2  diameters  of  the  former ;  they 
are  rolled  and  choaked  like  other  cafes,  and  filled  with 
compofition  from  5  8ths  of  an  inch,  to  1  f  inch  high, 
according  to  the  fize  of  the  mortars,  or  rockets,  they  are 
defigned  for,  and  the  remainder  of  the  cafes  bounced 
with  corn-powder,  and  afterwards  their  ends  pinched 
and  tied  clofe :  before  they  are  ufed,  their  mouths  muft 
be  primed  with  wet  meal-powder. 

Leaders,  or  Pipes  of  Communication. 

The  belt  paper  for  leaders,  is  Elephant,  which  you 
cut  into  long  flips,  2  or  3  inches  broad,  fo  that  they  may 
go  3  or  4  times  round  the  former,  but  not  more  :  when 
they  are  very  thick,  they  are  too  fbong  for  the  paper 
which  fa  (tens  them  to  the  works,  and  will  fometimes 
fly  off  without  leading  the  fire.  The  formers  for  thefe 
leaders  are  made  from  2  to  6  i6ths  of  an  inch  diameter  ; 
but  4  i6ths  is  the  fize  generally  made  ufe  of :  the  for¬ 
mers  are  made  of  fmooth  brafs  wire:  when  you  ufe  them, 
rub  them  over  with  greafe,  or  keep  them  wet  with  pafte, 
to  prevent  their  flicking  tothepaper,  which  muft  bepafted 
all  over.  In  rolling  of  pipes,  make  ufe  of  a  rolling- 
board,  but  ufe  it  lightly :  having  rolled  a  pipe,  draw  out 
the  former  with  one  hand,  holding  the  pipe  as  light  as 
poflible  with  the  other;  for,  if  icprefs  againft  the  former, 
it  will  flick  and  tear  the  paper. 

N.R.  Make  your  leaders  of  different  lengths,  or  in 
clothing  of  works  you  will  cut  a  great  many  to  wafte. 
Leaders  for  marron  batteries  muft  be  made  of  ftrong 
cartridge  paper. 
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SECT.  V.  Aquatic  Fireworks. 

WORKS  that  fport  in  the  water  are  much  efteemed 
by  moft  admirers  of  fireworks,  particularly  water 
rockets;  but,  as  they  feem  of  a  very  extraordinary  na¬ 
ture  to  thofe  who  are  acquainted  with  this  art,  I  fhall 
endeavour  to  explain  the  method  of  making  them,  in  as 
full  and  eafy  a  manner  as  poffible,  as  well  as  other  de¬ 
vices  for  the  water. 

Water  Rockets 

May  be  made  from  40Z.  to  2  lb.  but,  if  larger,  are 
too  heavy ;  fo  that  it  will  be  difficult  to  make  them  keep 
above  water  without  a  cork  float,  which  muit  be  tied, 
to  the  neck  of  the  cafe;  but  the  rockets  will  not  dive  fo 

well  with,  as  without  floats. 

Cafes  for  thefe  are  made  in  the  fame  manner  and  pro¬ 
portion  as  fky  rockets,  only  a  little  thicker  of  paper. 
When  you  fill  them  which  are  drove  folid,  put  in  firft 
3  ladle-full  of  flow  fire,  then  2  of  the  proper  charge,  and 
on  that  1  or  2  ladles  of  fihking  charge,  then  the  proper 
charge,  then  the  (inking  charge  again,  and  fo  on,  til! 
you  have  filled  the  cafe  within  3  diameters ;  then  drive 
on  the  compofition  1  ladle-full  of  clay ;  through  which 
make  a  fmall  hole  to  the  charge;  then  fill  the  cafe,  within 
1.  a  diameter,  with  corn  powder,  on  which  turn  down 
'2  or  3  rounds  of  the  cafe  in  the  infide ;  then  pinch  and 
tie  the  end  very  tight:  having  filled  your  rockets,  (accord- 
in  o’  to  the  above  directions)  dip  their  e.»ds  in  melted  r  fin, 
or°  fealing  wax  or  elfe  fecure  them  well  with  greafe. 
When  you  fire  thefe  rockets,  throw  in  6  or  8  at  a  time  ; 
but,  if  you  would,  have  them  all  fin k,  or  fwim,atthe 
fame  time,  you  muft  dri  e  them  with  an  equal  quantity 
of  compofition,  and  fire  them  ail  together. 
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To  make  Pip  es  of  Communication)  winds 
may  be  ufed  under  Water, 

Pipes  for  this  purpofe  mud  be  a  little  thicker  of  paper 
than  thofe  for  land.  Having  rolled  a  fufficient  number 
of  pipes,  and  kept  them  till  dry,  wafh  them  over  with 
drying  oil,  and  fet  them  to  dry  ;  but  when  you-  oil  them, 
leave  about  if  inch  at  each  end  dry,  for  joints:  if  they 
were  oiled  all  over,  when  you  come  to  join  them,  the 
pade  would  not  dick  where  the  paper  is  greafy  :  after 
the  leaders  are  joined,  and  the  pade  dry,  oil  the  joints* 
Thefe  pipes  will  lie  many  hours  under  water,  without 
receiving  any  damage. 

Horizontal  Wheels  for  the  Water. 

Fird  get  a  large  wooden  bowl  without  a  handle ;  then* 
have  an  odtagon  wheel  made  of  a  flat  board,  i  8  inches 
diameter,  fo  that  the  length  of  each  fide  will  be  near 
7  inches :  in  all  the  fides  cut  a  groove  for  the  cafes  to 
lie  in.  This  wheel  being  made,  nail  it  on  the  top  of  the 
bowl ;  then  take  8  four-ounce  cafes,  filled  with  a  proper 
charge,  each  about  6  inches  in  length.  Now,  to  clothe 
the  wheel  with  thefe  cafes,  get  feme  whitifh-brown  paper, 
and  cut  it  into  flips  4  or  5  inches  broad,  and  7  or  8  long ; 
thefe  flips  being  paded  all  over  on  one  fide,  take  1  of 
the  cafes,  and  roll  1  of  the  flips  of  paper  about  1  f  inch 
on  its  end,  fo  that  there  will  remain  about  1  f  inches  of 
the  paper  hollow  from  the  end  of  the  cafe  :  this  cafe  tie 
on  1  of  the  fides  of  the  wheel,  near  the  corners  of  which 
mud  be  holes  bored,  through  which  you  put  the  pack¬ 
thread  to  tie  the  cafes :  having  tied  on  the  fird  cafe  at  the 
neck  and  end,  put  a  little  meal  powder  in  the  hollow 
paper  •,  then  pafte  a  flip  of  paper  on  the  end  of  another 
cafe,  the  head  of  which  put  into  the  hollow  paper  on  the 
fird,  allowing  a  fufficient  didance,  from  the  tail  of  one 
to  the  head  of  the  other,  for  the  paded  paper  to  bend 
without  tearing;  the  fecondcafe  tie  oh  as  you  did  the 
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fir  ft ;  and  fo  on  with  the  reft,  except  the  laft,  which 
muft  be  ciofed  at  the  end,  unlefs  it  is  to  communicate  to 
any  thing  on  top  of  the  wheel  ;  fuch  as  fire-pumps  or 
brilliant  fires,  fixed  in  holes,  cut  in  the  wheel,  and  fired 
by  the  Is  ft  or  iecond  cafe,  .as  the  fancy  directs  :  6,  8,  or 
any  number,  may  be  placed  on  the  top  of  the  wheel,  fo 
that  they  are  not  too  heavy  for  the  bowl. 

Before  you  tie  on  the  cafes,  cut  the  upper  part  of  all 
their  ends,  except  the  laft,  a  little  fhelving,  that  the  fire 
from  one  may  play  over  the  other,  without  being  ob- 
flrucled  by  the  cafe.  Wheel  cafes  have  no  day  drove 
dn  their  ends,  nor  pinched,  but  are  always  left  open, 
only  the  laft,  or  thofe  which  are  not  to  lead  fire,  which 
■muft  be  well  fecured. 

Water  Mines.  ■ 

For  thefe  mines  you  muft  have  a  bowl,  with  a  wheel 
on  it,  made  in  the  fame  manner  as  the  water  wheel,  only 
in  its  middle  muft  be  a  hole,  of  the  fame  diameter  you 
defign  to  have  the  mine,  Thefe  mines  are  tin  pots,  with 
'ft rang  bottoms,  and  a  little  more  than  2  diameters  in 
length :  your  mine  muft  be  fixed  in  the  hole  in  the  wheel, 
with  its  bottom  refting  on  the  bowl  ;  then  loaded  with 
ferpents,  crackers,  tars,  finall  water  rockets,  &c.  in 
the  fame  manner  as  pots  of  aigrettes  ;  but  in  their  cen¬ 
tre  fix  a  cafe  of  Chine  le  fire,  or  a  finall  gerbe,  which 
muft  be  lighted  at  the  beginning  of  the  laft  cafe  on  the 
wheel.  Thefe  wheels  are  to  be  clothed  as  ufual. 

Fire  Globes  for  the  Water* 

Bowls  for  water  globes  muft  be  very  large,  and  the 
wheels  on  them  of  a  decagon  form  ;  on  each  fide  of 
which  nail  a  piece  of  wrood  4  inches  long,  and  on  the 
outfide  of  each  piece  cut  a  groove,  wide  enough  to  re¬ 
ceive  about  J  of  the  thidcnefs  of  a  4  oz.  cafe:  thefe 
pieces  of  wood  muft  be  nailed  in  the  middle  of  each  face 
of  the  wheel,  and  fixed  in  an  oblique  direction,  fo  that 
tfee  fire  from  the  cafes  may  incline*  upwards ;  the  wheel 
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being  thus  prepared,  tie  in  each  groove  a  4  oz.  cait, 
filled  with  a  grey  charge;  then  carry  a  leader  from  the 
tail  of  one  cafe  to  the  mouth  of  the  other. 

Globes  for  thefe  wheels  are  made  of  2  tin  hoops 
with  their  edges  outwards,  fixed  one  within  the  other, 
at  rio-ht  angles.  The  diameter  of  thefe  hoops  muff  be 
fomewhat  lefs  than  that  of  the  wheel.  Having  made  a 
globe,  drive  in  the  centre  of  a  wheel  an  iron  fpindle, 
which  mu  ft  ftand  perpendicular,  and  its  length  4  or 
6  inches  more  than  the  diameter  of  the  globe. 

This  fpindle  ferves  for  an  axis,  on  which  the  globe  is 
fixed,  which,  when  done,  muft  hand  4  or  6  inches  from 
the  wheel :  round  one  fide  of  each  hoop  muft  be  foldered 
little  bits  of  tin,  2  \  inches  diftance  from  each  other;  which 
pieces  muft  be  /  inches  in  length  each,  and  only  faftened 
at  one  end,  the  other  ends  being  left  loofe,  to  turn  round 
the  fmall  port  fires,  and  hold  them  on:  thefe  port  fires 
muft  be  made  of  fuch  a  length,  as  will  laft  out  the  cafes 
on  the  wheel.  You  are  to  obferve,  that  there  need  not 
be  any  port  fires  at  the  bottom  of  the  globe  within  4  inches 
of  the  fpindle;  for,  if  there  were,  they  would  have  no 
effeeft,  but  only  burn  the  wheel :  all  the  port  fires  muft 
be  placed  perpendicular  from  the  centre  of  the  globe, 
with  their  mouths  outwards;  and  muft  all  be  clothed 
with  leaders,  fo  as  all  to  take  fire  with  the  fecond  cafe  of 
the  wheel ;  which  cafes  muft  burn  2  at  a  time,  1  oppofite 
the  other.  When  2  cafes  of  a  wheel  begin  together, 
2  will  end  together;  therefore  the  2  oppoli  e  end  caies 
muft  have  their  ends  pinched  and  fecured  from  fire.  1  he 
method  of  firing  fuch  wheels  is,  by  carrying  a  leader 
from  the  mouth  of  one  of  the  firft  cafes,  to  that  of  the 
other,  which  leader  being  burnt  through  the  middle, 
will  give  fire  to  both  at  the  fame  time. 

Odoriferous  Water  Balloons. 

Thefe  balloons  are  made  in  the  fame  manner,  as  air 
balloons,  but  very  thin  of  paper,  and  in  diameter  i  J  inch 

with  a  vent  of  \  an  inch  diameter.  The  Ihells  being 
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made,  and  quite  dry,  fill  them  with  any  of  the  following 
compofitions,  which  muft  be  rammed  in  tight :  thefe 
ball  36ns  mud  be  fired  at  the  vent,  and  put  into  a 
bowl  of  water.  Odoriferous  works  are  generally  fired 
in  rooms. 

Compofition  I. 

Saltpetre  2  oz.  flower  of  fulphur  1  02.  camphor  foz. 
yellow  amber  \o~u  charcoal  dull  foz.  flower  of  benjamin, 
or  afla  odorata,  |  oz.  all  powdered  very  fine,  and  well 
mixed. 

Compofition  II. 

Saltpetre  £2  07.  meal  powder  3  oz.  frankincenfe  1  oz. 
myrrh  \  oz.  camphor  J  oz,  charcoal  3  oz.  all  moiftened 
with  the  oil  of  fpike. 

Compofition  III. 

Saltpetre  2  oz.  fulphur  |  oz.  antimony  \  oz.  amber  f  oz,. 
cedar  rafpings  |  oz.  all  mixed  with  the  oil  of  rofes,  and 
a  few  drops  of  bergamot. 

Compofoion  IV, 

Saltpetre  4  oz.  fulphur  1  oz  faw-duft  of  juniper  £  oz, 
faw-duft  of  cyprefs  1  oz.  camphor  J  oz.  myrrh  2  dramsi 
dried  rofemary  \  oz.  cortex  elaterii  \  oz.  all  moiftened 
a  little  with  the  oil  of  rofes 

N.  R.  Water  rockets  may  be  made  with  any  of  the 
above  compofitions,  with  a  little  alteration,  to  make 
them  weaker  or  ftronger,  according  to  the  fize  of  the 
cafes, 

'  '  '  r  1  _  l  .  .  f  -  ;  |  [  4  .  r  •  i;\i  /  K  i,  J  ,  'i  *  ;  4  J,  ••  •  j  ',  }  1 

Water  Balloons. 

Having  made  fome  thin  paper  ftiells,  of  what,  diameter 
you  pleafe,  fill  fome  with  the  corrtpofition  for  water 
balloons,  and  fome  after  this  manner,.  Having  made 
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the  vent  of:  the  fine  Is  pretty  large,  fill  them  aim  of  full 
with  water  rockets,  matrons,  fquibs,  &c.  Then  put 
in  feme  blowing  powder,  fufficient  to  burft  the  fhells, 
and  afterwards  fix  in  the  vent  a  water  rocket,  long 
enough  to  reach  the  bottom  of  the  fhell,  and  its  neck 
to  project  a  little  out  of  the  vent  •,  this  rocket  muft  be 
open  at  the  end,  to  fire  the  powder  in  the  fhell,  which 
will  burft  the  fhell,  and  difperfe  the  final!  rockets,  See, 
in  the  water.  When  you  have  well  fecured  the  large 
rocket  in  the  vent  of  the  fhell,  take  a  cork  float  with  a 
hole  in  its  middle,  which  fit  over  the  head  of  the  rocket, 
and  fallen  it  to  the  fhell :  this  float  mull  be  large  enough 
to  keep  the  balloon  above  water. 

Water  Squibs 

Are  generally  made  of  i  oz.  Terpen t  cafes,  7  or  S  inches 
long,  filled  2  3ds  with  charge,  and'  the  remainder 
bounced.  The  common  method  of  firing  them  is, — Take 
a  water  wheel,  with  a  tin  mortar  in  its  centre,  which  load 
with  fquibs,  after  the  ufual  method ;  but  the  powder  in 
the  mortar  mull  be  no  more  than  will  juft  throw  the 
fquibs  out  (^eafily  into  the  water):  you  may  place  the 
cafes  on  the  wheel,  either  obliquely,  or  horizontally ; 
and  on  the  top  of  the  wheel,  round  the  mortar,  fix  fix 
caies  of  brilliant  fire,  perpendicular  to  the  wheel  :  thefe 
cafes  muft  be  fired  at  the  beginning  of  the  iaft  cafe  of  the 
wheel,  and  the  mortar,  at  the  conclufion  of  the  fame, 
o  l{r  V.  :  iy,  4-:-  l  ~  :  ,  s.'  ,.  ■ 

A  Sea  Fight  with  fmall  Ships,  and  to  pre¬ 
pare  a  Fire-fhip  for  it. 

Having  procured  4  or  5  fmall  ftiips,  of  2  or  3  feet  in 
length,  (gr  as  many  as  you  defign  to  fight)  make  a  num¬ 
ber  of  fmall  reports,  which  are  to  ferve  for  guns.  Of 
thefe  range  as  many  as  you  pleafe,  on  each  fide  of  the 
upper  decks;  then  at  the  head  and  ftern  of  each  fhip 
fix  a  2  oz.  cafe,  8  inches  long,  filled  with  a  flow  port¬ 
fire  receipt  j  but.  take  care  to  place  it  in  fuch  a  manner, 

that 


FIREWORKS,  89 

that  the  fire  may  fall  in  the  water,  and  not  burn  the 
rigging  :  in  rhefe  cales  bore  holes  at  unequal  diftances 
from  one  another,  but  make  as  many  in  each  cafe,  as  half 
the  number  of  reports,  fo  that  one  cafe  may  lire  the  guns 
on  one  fide,  and  the  other  thole  on  the  opposite.  The 
method  of  firing  the  guns,  is,  by  carrying  a  leader,  from 
the  holes  in, the  cales,  to  the  reports  on  the  decks;  you 
muil  make  thefe  leaders  very  final!,  and  be  careful  in 
calculating  the  burning  of  the  flow  lire,  in  the  regulating; 
cafes,  that  more  than  1  guns  be  not  fired  at  a  time. 
When  you  would  have  a  bs  oadfide  given,  let  a  leader  be 
carried  t  a  cracker,  placed  on  the  ouiiide  of  the  fhip, 
which  cracker  muft  be  tied  lode,  or  the  reports  will  be  too 
flow  ;  in  all  the  fliips  put  artificial  guns  at  the  port  holes. 

Having  filled,  and  bored  holes,  in  two  port  fires,  for 
regulating  the  guns  in  one  fhip,  make-all  the  reft' exactly 
the  fame;  then  when  you  begin  the  engagement,  light 
one  fhip  firfl,  and  fet  it  a  failing,  and  fo  on  with  the  reft, 
fending  them  out  fingly,  which  will  make  them  fire  re¬ 
gularly,  at  different  times,  without  confufion  ;  for  the 
time  between  the  firing  of  each  gun  will  be  equfci  to 
that  of  lighting  the  flow  fires. 

The  fire  fhip  may  be  of  any  fize,  and  need  not  be  very 
good,  for  it  is  always  ledt  in  the  addon.  To  prepare 
a  fhip  for  this  purpofe,  make  a  port  fire  equal  in  fize 
with  them  in  the  other  fliips,  and  place  it  at  the  flern  ; 
in  every  port  place  a  large  port  fire,  filled  with  a  very 
Itrong  compofition,  and  painted  in  imitation  of  a  gun, 
and  let  them  all  be  fired  at  once  by  a  leader  from  the  flow 
fire,  within  2  or  3  diameters  of  its  bottom  ;  all  along 
both  fides,  on  the  top  of  the  upper  deck,  lay  Tar  com¬ 
pofition  about  |  an  inch  thick,  and  1  broad,  which  muft 
be  wetted  with  thin  fize,  then  primed  with  meal  pow¬ 
der,  and  fecured  from  fire  by  palling  paper  over  it  5  in 
the  place  where  you  lay  this  compofhion,  drive  fome 
little  tacks  with  flat  heads,  to  hold  it  fall  to  the  deck: 
this  muft  be  fired  juft  after  the  fham  guns,  and  when 
burning  will  fhew  a  flame  all  round  the  fhip :  at  the 
jbead  take  up  the  decks,  and  put  in  a  tin  mortar  loaded 

with 
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with  crackers,  which  mortar  muff:  be  fired  by  a  pipe 
from  the  end  of  the  flow  fire ;  the  firing  of  this  mortar 
will  fink  the  fhip,  and  make  a  pretty  conclufton.  The 
regulating  port  fire  of  this  fhip  muff  be  lighted  at  the 
fame  time  with  the  Arft  fighting  fhip. 

Having  prepared  all  the  fhips  for  fighting,  we  fhall 
next  proceed  with  the  management  of  them,  when  on 
the  water.  At  one  end  of  the  pond,  juft  under  the  fur- 
face  of  the  water,  fix  2  running  blocks,  at  what  diftance 
you  chufe  the  fhips  fhould  fight ;  and  at  the  other  end 
of  the  pond,  oppofite  to  each  of  theie  blocks,  under  the 
water,  fix  a  double  block;  then  on  the  land,  by  each  of 
the  double  blocks,  place  two  fmall  windlafles ;  round 
one  of  them  turn  one  end  of  a  fmall  cord,  and  the  other 
end  put  through  one  of  the  blocks;  then  carry  it  through 
the  Angle  one,  at  the  oppofite  end  of  the  pond,  and 
bring  it  back  through  the  double  block  again,  and 
round  the  other  windlafs :  to  this  cord*  near  the  double 
block,  tie  as  many  fmall  firings,  as  half  the  number  of 
the  fhips,  at  what  diftance  you  think  proper  ;  but  thefe 
firings  muft  not  be  more  than  2  feet  each  :  the  loofe  end 
of  each  make  faft  to  a  fhip,  juft  under  her  bow-fprit,; 
but  if  tied  to  the  keel,  or  too  near  the  water,  it  will 
overfet  the  fhip.  Half  the  fhips  being  thus  prepared, 
pear  the  other  double  block  Ax  two  more  windlafles, 
to  which  fallen  a  cord,  and  to  it  tie  the  other  half  of  the 
fhips,  as  before:  when  you  Are  the  fhips,  pull  in  the 
cord,  with  one  of  the  windlafles,  to  get  all  the  fhips  to¬ 
gether;  and  when  you  have  fet  Are  to  the  fiift,  turn 
that  windlafs,  which  draws  them  out,  and  fo  on  with 
the  reft,  till  they  are  all  out,  in  the  middle  of  the  pond  ; 
then  by  turning  the  other  windlafs,  you  will  draw  them 
back  again;  by  which  method  you  may  make  them 
change  Ades,  and  tack  about,  backwards  and  forwards, 
at  pleafure.  For  the  firedhip,  Ax  the  blocks  and  wind- 
iafles  between  the  others,  fo  that  when  fhe  fails  out,  fhe 
will  be  between  the  other  fhips:  you  muft  not  let  this 
fhip  advance,  till  the  guns  at  her  ports  take  Are. 


To 
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To  fire  Sky  Rockets  under  Water, 

You  muft  have  {lands  made  as  ufual,  only  the  rails 
mull  be  placed  flat,  inilead  of  edgeways,  and  have  holes 
in  them  tor  the  rocket  {licks  to  go  through;  for  if  they 
were  hung  upon  hooks,  the  motion  of  the  water  would 
throw  them  off:  the  {lands  being  made,  if  the  pond  is 
deep  enough,  link  them  at  the  lides,  fo  oeep,  that  when 
the  rockets  are  in,  their  heads  may  juft  appear  above  the 
furface  of  the  water ;  to  the  mouth  of  each  rocket  fix  a 
leader,  which  put  through  the  hole  with  the  ftick  ;  then 
z  little  above  the  water  mull  be  a  boaro,  fupported  by 
the  {land,  and  placed  along  1  fide  of  the  rockets;  then 
the  ends  of  the  leaders  are  turned  up  through  holes  made 
in  this  board,  exactly  oppofite  the  rockets.  By  this  means 
you  may  fire  them  fingly,  or  all  at  once.  Rockets  may  be 
fired  by  this  method,  in  the  middle  of.  a  pond,  by  a  Nep¬ 
tune,  a  fwan,  a  water  wheel,  or  any  thing  elfe  you  chute. 


To  reprefent  Neptune  in  his  Chariot. 

To  do  this  to  perfection,  you  muft  have  a  Neptune  made 
( of  wood,  or  bafket  work)  as  big  as  life,  fixed  on  a  float, 
laro-e  enough  to  bear  his  weight;  on  which  muft  be 
2  horfes  heads,  and  necks,  fo  as  to  feem  fwimming,  as 
ftiown  by  Fig.  35.  For  the  wheels  of  the  chariot,  there 
muft  be  2  vertical  wheels  of  black  fire,  and  on  Neptune  s 
head  a  horizontal  wheel,  of  brilliant  fire,  with  alt  its  cafes, 
to  play  ut  wards.  When  this  wheel  is  made,  cover  it 
with  paper,  or  pafteboard,  cut  and  painted  like  Neptune’s 
coronet ;  then  let  the  trident  be  made  without  prongs, 
but  inftead  of  them,  fix  3  cafes  of  a  weak  grey  charge, 
and  on  each  horfe’s  head  put  an  8  oz.  cale  or  brilliant 
fire,  and  on  the  mouth  of  each  fix  a  fhort  cafe,  of  the 
fame  diameter,  filled  with  the  white  feme  receipt,  enoug 
to  laft  out  all  the  cafes  on  the  wheels  :  thefe  fhort  cates 
muft  be  open  at  bottom,  that  they  may  light  the  brilliant 

fires;  for  the  horfes  eyes  put  fmall  port  fires,  and  m 

each 
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each  noftril  put  a  fmall  cafe  filled  half  with  grey  charge^ 
and  the  reft  with  port-fire  compaction. 

if  Neptune  is  to  give  fire  to  any  building  on  the  wa¬ 
ter;  at  his  firft  fetting  out,  the  wheels  of  the  chariot, 
and  that  on  his  head,  with  the  white  flames  on  the  horfes 
heads,  and  the  port  fires  in  their  eyes  and  noftrils,  muft 
all  be  lighted  at  once  ;  then  from  the  bottom  of  the 
white  flames  carry  a  leader  to  the  trident.  As  Neptune 
is  to  advance  by  the  help  of  a  block  and  cord,  you  muft 
manage  it  fo  as  not  to  let  hint  turn  about,  till  the  bril¬ 
liant  fires  on  the  horfes,  and  the  trident,  begin ;  for  it  is 
bt  the  lire  from  tne horfes,  (which  plays  aimoft  upright) 
that  the  building,  or  work,  is  lighted  ;  which  mult  be 
thus  prepared.  From  the  mouth  of  .the  cafe,  which  is 
to  be  firft  fired,  hang  fome  loofe  quick-match,  to  receive 
the  fire  from  the  horfes.  When  Neptune  is  only  to  be 
\ new n  by  himleii,  without  fetting  fire  to  any  other  works ; 
let  the  white  flames  on  the  horfes  be  very  fhort,  and 
not  to  laft  longer  than  one  cafe  of  each  wheel,  and  let 
z  cafes  of  each  wheel  burn  at  a  time. 

/  ■  i  I  f  f  <?  ;  -  ••  ’  v  :  . .  „  ; 

Swans  and  Ducks  in  Water. 

If  you  would  have  the  fwans,  or  ducks,  difeharge 
rockets  into  the  water,  they  muft  be  made  hollow,  and 
of  paper,  and  filled  with  fmall  water  rockets,  with  fome 
blowing  powder,  to  throw  them  out ;  but  if  this  is  not 
done,  they  may  be  made  of  wood,  which  will  laft  many 
times.  Having  made  and  painted  fome  fwans,  fix  them 
on  floats,  then  in  the  places  where  their  eyes  fhould  be, 
bore  holes  two  inches  deep,  inclining  downwards,  and 
wide  enough  to  receive  a  fmall  port  fire ;  the  portfire 
cafes  for  this  purpofe  muft  be  made  of  brafs,  2  inches 
long,  and  filled  with  a  flow  bright  charge;  in  the  middle 
of  one  of  thefe  cafes  make  a  little  hole,  then  put  the 
port  fire  in  the  eye  hole  of  the  fwan,  leaving  about  half 
an  inch  to  project  out,  and  in  the  other  eye  put  ano¬ 
ther  port  fire,  with  a  hole  made  in  it ;  then  in  the  neck 
of  the  fwan,  within  two  inches  of  pne  of  the  eyes, 
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bore  a  hole  flantways,  to  meet  that  in  the  port  fire;  m 
this  hole  put  a  leader,  and  carry  it  to  a  water  rocket, 
that  mud  be  fixed  under  the  tail  with  its  mouth  upwards ; 
on  the  top  of  the  head  place  2  one-ounce  cafes,  4  inches 
long  each,  drove  with  brilliant  fire *,  one  of  thefe  cafes 
mull  incline  forwards,  and  the  other  backwards;  thefe 
mud  be  lighted  at  the  fame  time  as  the  water  rocket ; 
to  do  which,  bore  a  hole  between  them,  in  the  top  of 
the  fwan’s  head*  down  to  the  hole  in  the  port  fire,  to  which 
carry  a  leader  ;  if  the  fwan  is  filled  with  rockets,  they 
mud  be  fired  by  a  pipe,  from  the  end  of  the  water  rocket 
under  the  tail.  When  you  fet  the  fwan  a  fwimming, 
light  the  2  eyes. 

Water  Fire-Fountains. 

To  make  a  fire  fountain,  you  mud  fird  have  a  float 
made  of  wood,  3  feet  diameter,  then  in  the  middle  fix 
a  round  perpendicular  pod,  4  feet  high,  and  2  inches 
diameter-,  round  this  pod  fix  3  circular  wheels,  made 
of  thin  wood,  without  any  fpokes.  The  larged  of  thefe 
wheels  mud  be  placed  within  2  or  3  inches  of  the  float, 
and  mud  be  nearly  of  the  fame  diameter.  The  2d  wheel 
mud  be  2  feet  2  inches  diameter,  and  fixed  at  2  feet  di¬ 
dance  from  the  fird.  The  3d  wheel  mud  be  1  foot 
4  inches  diameter,  and  fixed  within  h  inches  of  the  top 
of  the  pod:  the  wheels  being  fixed,  take  18  four  or 
8  ounce  cafes,  of  brilliant  fire,  and  place  them  round  the 
fird  wheel,  with  their  mouths  outwards,  and  inclining 
downwards ;  on  the  2d  wheel  place  1 3  cafes  of  the  fame, 
and  in  the  fame  manner,  as  thefe  on  the  fird  ;  on  the 
3d  place  8  more  of  thefe  cafes,  in  the  fame  manner  as 
before,  and  on  the  top  of  the  pod  fix  a  gerbe;  then  clothe 
all  the  cafes  with  leaders,  fo  that  both  they  and  the 
gerbe  may  take  fire  at  the  fame  time.  Before  you  fire 
this  work,  try  it  in  the  water,  to  fee  if  the  float  is  pro¬ 
perly  made,  fo  as  to  keep  the  fountain  upright. 

SECT. 
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SECT.  VI. — Crackers. 


CUT  fome  cartridge  paper  into  pieces  3  |  inches 
broad,  and  1  foot  long ;  1  edge  of  each  fold  down 
lenythwife  about  J  of  an  inch  broad ;  then  fold  the 
double  edge  down  J  of  an  inch,  and  turn  the  fingle  edge 
back  half  over  the  double  fold;  then  open  it,  and  lay 
all  along  the  channel,  which  is  formed  by  the  folding 
of  the  paper,  fome  meal  powder;  then  fold  it  over  and 
over,  till  all  the  paper  is  doubled  up,  rubbing  it  down 
every  turn  ;  this  done,  bend  it  backwards  and  forwards, 
2  \  inches,  or  thereabouts,  at  a  time,  as  oft  as  the  paper 
will  allow  ;  then  hold  all  thefe  folds  hat  and  clofe,  and 
with  a  firiall  pinching  cord  give  one  turn  round  the  mid¬ 
dle  of  the  cracker,  and  pinch  it  clofe;  then  bind  it  with 
pack-thread,  as  tight  as  you  can ;  then  in  the  place  where  it 
was  pinched,  prime  one  end  of  it,  and  cap  it  with  touch- 
paper.  When  thefe  crackers  are  bred,  they  will  give  a 
report  at  every  turn  of  the  paper :  if  you  would  have 
a  great  number  of  bounces,  you  mull  cut  the  paper 
longer,  or  join  them  after  they  are  made ;  but  if  they 
are  made  very  long  before  they  are  pinched,  you  mufl 
have  a  piece  of  wood  with  a  groove  in  it,  deep  enough 
to  let  in  half  the  cracker:  this  will  hold  it  ftraight,  while 
it  is  pinching,  big.  36.  reprefents  a  cracker  complete. 


Single  Reports. 

Cafes  for  reports  are  generally  rolled  on  1  and  2  oz. 
formers,  and  feldom  made  larger,  but  on  particular  oc- 
cafions ;  they  are  made  from  2  to  4  inches  long,  and 
very  thick  of  paper  :  having  rolled  a  cafe,  pinch  one  end 
quite  clofe,  and  drive  it  down ;  then  fill  the  cafe  with 
corn  powder,  only  leaving  room  to  pinch  it  at  top ;  but 
before  you  pinch  it,  put  in  a  piece  of  paper  at  top  of  the 
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powder.  Reports  are  fired  by  a  vent,  bored  in  the  mid¬ 
dle,  or  at  one  end,  juft  as  required. 

Marrons. 

Formers  for  marrons  are  from  J  of  an  inch,  to  i  f  dia¬ 
meter.  Cut  the  paper  for  the  cafes  twice  the  diameter 
of  the  former  broad,  and  long  enough  to  go  3  times 
round  ;  when  you  have  rolled  a  cafe,  pafte  down  the 
edge,  and  tie  one  end  clofe;  then  with  the  former  drive 
it  down  to  take  away  the  wrinkles,  and  make  it  flat  at 
bottom ;  then  fill  the  cafe  with  corn  powder  1  diameter 
and  |  high,  and  fold  down  the  reft  of  the  cafe  tight  on 
the  powder.  The  marron  being  thus  made,  wax  fome 
ftrong  pack-thread  with  lhoemakers  wax ;  this  thread 
wind  up  in  a  ball,  then  unwind  2  or  3  yards  of  it,  and 
that  part  which  is  near  the  ball,  make  fall  to  a  hook; 
then  take  a  marron,  and  ftand  as  far  from  the  hook  as 
the  pack-thread  will  reach,  and  wind  it  iengthwife 
round  the  marron  as  clofe  as  you  can,  till  it  will  hold 
no  more  that  way  3  then  turn  it  and  wind  the  pack-thread 
on  the  fhort  way,  then  Iengthwife  again,  and  fo  on  till 
the  paper  is  all  covered  ;  then  make  faft  the  end  of  the 
pack-thread,  and  beat  down  both  ends  of  the  marron, 
to  bring  it  in  fhape.  The  method  of  firing  marrons,  is. 
by  making  a  hole  at  one  end  with  an  awl,  and  putting  ^ 
in  a  piece  of  quick-match  then  take  a  piece  of  ftrong 
paper,  in  which  wrap  up  the  marron,  with  2  leaders, 
which  mull  be  put  down  to  the  vent,  and  the  paper 
tied  tight  round  them  with  fmall  twine  ;  thefe  leaders  are 
bent  on  each  fide,  and  their  loofe  ends  tied  to  other 
marrons,  and  are  nailed  in  the  middle  to  the  rail  of  the 
ftand,  as  in  Fig.  37.  The  ufe  of  winding  the  pack¬ 
thread  in  a  ball  is,  that  you  may  let  it  out  as  you  want 
it,  according  to  the  quantity  the  marron  may  require ; 
and  that  it  may  not  be  tied  in  knots,  which  would  fpoii 
the  marron. 
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Marron  Batteries, 

If  well  managed,  will  keep  time  to  a  march,  or  a  flow 
piece  of  mufic.  Marron  batteries  are  made  of  feveral 
ftands,  with  a  number  of  crofs  rails,  for  the  matrons, 
which  are  regulated  by  leaders,  by  cutting  them  of  dif¬ 
ferent  lengths,  and  nailing  them  tight,  or  loofe,  accord¬ 
ing  to  the  time  of  the  mufic.  In  marron  batteries  you 
muft  ufe  the  large  and  fmall  marrons,  and  the  nails  for 
the  pipes  muft  have  flat  heads. 

Line  Rockets 

Are  made  and  drove  as  the  iky  rockets,  but  have  no 
heads ;  and  the  cafes  muft  be  cut  clofe  to  the  clay  ;  they 
are  fometimes  made  with  6  or  7  changes,  but  in  general 
not  more  than  4  or  5  :  the  method  of  managing  thofe 
rockets  is,— Firft,  have  a  piece  of  light  wood,  the  length 
of  1  of  the  rockets,  turned  round  about  2  f  inches  dia¬ 
meter,  with  a  hole  through  the  middle  lengthwife,  large 
enough  for  the  line  to  go  eafily  through:  it  you  defign 
4  changes,  have  4  grooves  cut  in  the  fwivel,  one  oppoftte 
the  other,  to  lay  the  rockets  in. 

The  mouths  of  the  rockets  being  rubbed  with  wet 
meal  powder,  lay  them  in  the  grooves,  head  to  tail, 
and  tie  them  fail ;  from  the  tail  of  the  firft  rocket  carry 
a  leader  to  the  mouth  of  the  fecond,  and  from  the  fecond 
to  the  third,  and  fo  on  to  as  many  as  there  are  on  the 
fwivel,  making  every  leader  very  fecure ,  but  in  fixing 
thefe  pipes,  take  care  that  the  quick-match  does  not 
enter  the  bores  of  the  rockets  :  the  rockets  being  ftxed 
on  the  fwivel,  and  ready  to  be  fired,  have  a  line  loo  yards 
long,  ftretched  and  fixed  up  tight,  at  any  height  from 
the  ground ;  but  be  fure  to  place  it  horizontal :  this  length 
of  line  will  do  for  J  lb.  rockets ;  but,  if  larger,  the  line 
muft  be  longer:  before  you  put  up  the  line,  put  one 
end  of  it  through  the  fwivel,  and  when  you  fire  the  line 
rocket,  let  the  mouth  of  that  rocket  which  you  fire  firft, 
face  that  end  of  the  line  where  you  ftand;  then  the  firft 
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rocket  will  carry  the  reft  to  the  other  end  of  the  line,  and 
the  fecond  will  bring  them  back,  and  fo  they  will  run 
out  and  in  according  to  the  number  of  rockets  :  at  each 
end  of  the  line,  there  muff  be  a  piece  of  flat  wood,  for 
the  rocket  to  ftrike  againft,  or  its  force  will  cut  the  line. 
Let  the  line  be  well  foaped,  and  the  hole  in  the  fwivel 
very  fmooth* 

Different  Decorations  for  Line  Rockets. 

To  line  rockets  may  be  fixed  great  variety,  fuch  as 
flying  dragons,  mercuries,  fliips,  &c.  Or  they  may  be 
made  to  run  on  the  line  like  a  wheel,  which  is  done  in 
this  manner.  Have  a  flat  fwivel,  made  very  exacff,  and 
on  it  tie  two  rockets  obliquely,  one  on  each  fide,  which 
will  make  it  turn  round  all  the  way  it  goes,  and  form  a 
circle  of  fire;  the  charge  for  thefe  rockets  fhould  be  a 
little  weaker  than  common ;  if  you  would  fhew  2  dra¬ 
gons  fighting,  get  2  fwivels  made  fquare,  and  on  each 
tie  3  rockets  together,  on  the  under  fide  ;  then  have  2  fly* 
ing  dragons  made  of  tin,  and  flx  one  of  them  on  the  top 
of  each  fwivel,  fo  as  to  (land  upright ;  in  the  mouth  of 
each  dragon  put  a  fmall  cafe  of  common  fire,  and  ano¬ 
ther  at  the  end  of  the  tail ;  you  may  put  2  or  3  port  fires, 
of  a  ftrong  charge,  on  1  fide  of  their  bodies,  to  fhew 
them.  This  done,  put  them  on  the  line,  one  at  each 
end  ;  but  let  there  be  a  fwivel  in  the  middle  of  the  line, 
to  keep  the  dragons  from  ftriking  together  :  before  you 
fire  the  rockets  light  the  cafes  on  the  dragons,  and  if  care 
betaken  in  firing  both  at  the  fame  time,  they  will  meet 
in  the  middle  of  the  line,  and  leem  to  fig-lit.  Then  they 
will  run  back.,  and  return  with  great  violence;  which  will 
have  a  very  pleafing  effect.  The  line  for  thefe  rockets 
muff  be  very  long,  or  they  will  ftrike  too  hard  together. 

Chinese  Flyers. 

Cafes  for  flyers  may  be  made  of  different  fizes,  from 
1  to  8  ounces:  they  muff  be  made  thick  of  paper,  and 
8  interior  diameters  long ;  they  are  rolled  in  the  fame 
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manner  as  tourbillons,  with  a  llraight  pafted  edge*  afld 
pinched  clofe  at  one  end.  The  method  of  filling  them  is, 
the  cafe  being  put  in  a  mould,  whofe  cylinder,  or  foot, 
muft  be  fiat  at  top  without  a  nipple,  fill  it  within  |  a  dia* 
meter  of  the  middle*,  then  ram  in  \  a  diameter  of  clay, 
on  that  as  much  compofition  as  before,  on  whic  h  drive 
4  a  diameter  of  clay  3  then  pinch  the  cafe  clofe,  and  drive 
it  down  flat*  after  this  is  done  bore  a  hole  exaftly  through 
the  centre  of  the  day  in  the  middle  *,  then  in  the  oppo- 
fire  fr  ies  at  both  ends  make  a  vent,  and  in  that  fide  you 
intend  to  fire  firfl  make  a  fmall  hole  to  the  compofition 
near  the  clay  in  the  middle,  from  which  carry  a  quick 
match,  covered  with  a  Angle  paper,  to  the  vent  at  the  other 
end;  then  when  the  charge  is  burnt  on  one  fide,  it  will,  by 
means  of  the  quick  match,  communicate  to  the  charge  in 
the  other,  (which  may  be  of  a  different  fort).  The  flyers 
being  thus  made,  put  an  iron  pin,  that  muff  be  fixed  in  the 
work  on  which  they  are  to  be  fired,  and  on  which  they  are 
to  run:  through  the  hole  in  the  middle,  on  the  end  of  this 
pin,  muff:  be  a  nut  to  keep  the  flyer  from  running  off.  If 
you  would  have  them  turn  back  again  after  they  are  burnt, 
make  both  the  vents  at  the  ends  on  the  fame  fide,  which 
will  alter  its  courfe  the  contrary  way. 

Table  Rockets  * 

Are  defigned  merely  to  Anew  the  truth  of  driv  ing,  and 
the  judgement  of  a  fire  worker,  they  having  no  other 
effect,  when  fired,  than  fpinning  round,  in  the  fame  place 
where  they  begin,  till  they  are  burnt  out,  and  fhewing 
nothing  more  than  an  horizontal  circle  of  fire. 

The  method  of  making  thefe  rockets  is— Have  a  cone 
turned  out  of  hard  wood,  2  4  inches  diameter,  and  as 
much  high;  round  the  bafe  of  it  draw  aline;  on  this 
line  fix  4  fpokes,  2  inches  long  each,  fo  as  to  ffand  one 
oppofite  the  other;  then  fill  4  ninednch  1  lb.  cafes,  with 
any  ftrong  compofition,  within  2  inches  of  the  top:  thefe 
cafes  are  made  like  tourbillons,  and  mud  be  rammed 
with  the  greatefl:  exadtnefs. 

Your  rockets  being  filled,  fix  their  open  ends  on 
the  fhort  fpokes  *  then  in  the  fide  of  each  cafe  bore  a 
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hole  near  the  clay  ;  all  thefe  holes,  or  vents,  muft  be 
fo  made  that  the  fire  of  each  cafe  may  act  the  fame  way  ; 
from  thefe  vents  carry  leaders  to  the  top  of  the  cone, 
and  tie  them  together.  When  you  would  fire  the  rockets, 
fct  them  on  a  frnooth  table,  and  light  the  leaders  in  the 
middle,  and  all  the  cafes  will  fire  together  (fee  Fig.  38.) 

and  fpin  on  the  point  of  the  cone. 

Thefe  rockets  may  be  made  to  rife  like  tourbillons, 
by  making  the  cafes  fhorter,  and  boring  4  holes  in  the 
under  fide  of  each  at  equal  diftances:  this  being  done, 
they  are  called  Double  Tourbillons. 

Note,  all  the  vents  in  the  under  fide  of  the  cafes  muft 
be  lighted  at  once  ;  and  the  fharp  point  of  the  cone  cut 
off,  at  which  place  make  it  fpherical. 

To  make  Wheels  and  other  Works 

incomhuftibie. 

It  beino-  neceffary,  when  your  works  are  new,  to  paint 
them  of  Come  dark  colour;  therefore,  if  infiead  of  which, 
you  make  ufe  of  the  following  compofuion,  it  will  give 
them  a  good  colour,  and  in  a  great  meafure.  prevent 
their  taking  fire  fo  foon  as  if  painted.  Take  brick  dun, 
coal  alhes,  and  iron  filings,  of  each  an  equal  quantity, 
and  mix  them  with  a  double  fize,  made  hot.  With  this 
walh  over  your  works,  and  when  dry  walh  them  over 
again;  this  will  preferve  the  wood  greatly  againft  fire. 
Let  the  brick-duft  and  alhes  be  beat  to  a  fine  powder. 

Single  Vertical  Wheels. 

There  are  different  forts  of  vertical  wheels,  fome  hav¬ 
ing  their  fells  of  a  circular  form,  others  of  an  hexagon, 
oftagon,  or  decagon  form,  or  any  number  of  Tides  ac¬ 
cording  to  the  length  of  the  cafes  you  defign  tor  the 
wheel:  your  fpokes  being  fixed  in  the  nave,  nail  laps 
of  tin,  with  their  edges  turned  up,  lb  as  to  form  grooves 
for  the  cafes  to  lie  in,  from  the  end  of  one  ipoke  to  another ; 
then  tie  your  cafes  in  the  grooves,  head  to  tail,  in  the 
*  pl  2  feme 
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lame  manner  as  thofe  on  the  horizontal  water  wheel, 
that  the  cafes  fncceffively  taking  fire  from  one  another,, 
will  keep  the  wheel  in  an  equal  rotation#  Two  of  thefe 
wheels  are  very  oft  fired  together,  oii-e  on  each  fide  of  a 
building,  and  both  lighted  at  the  fame  time,  and  all  the 
cafes  filled  alike,  to  make  them  keep  time  together, 
which  they  will  do  if  made  by  the  following  directions* 
In  all  the  cafes  of  both  wheels,  except  the  firft,  on  each 
wheel  drive  2  or  3  ladles  full  of  flow  fire,  in  any  part 
of  die  cafes*,  but  be  careful  to  ram  the  fame  quantity  in 
eacii  cafe,  and  in  the  end  of  one  of  the  cafes,  on  each 
wheel,  you  may  ram  1  ladle  full  of  dead  fire  compofition, 
which  nwft  be  very  lightly  drove  *,  you  may  alfo  make 
many  changes  of  fire,  by  this  method. 

Let  the  hole  in  the  nave  of  the  wheel  be  lined  with 
brafs,  and  made  to  turn  on  a  fmooth  iron  fpindle.  On 
the  end  of  this  fpindle  let  there  be  a  nut,  to  ferew  off  and 
on  5  when  you  have  put  the  wheel  on  the  fpindle,  ferew 
on  the  nut,  which  will  keep  the  wheek  from  Hying  off! 
Let  the  mouth  of  the  firfi  cafe  be  a  little  raifed.  See 
fig.  39.  Vertical  wheels  are  made  from  10  inches  to 
3  feet  diameter,  and  the  fize  of  the  cafes  muft  differ 
accordingly;  4  oz.  cafes  will  do  for  wheels  of  14  or 
16  inches  diameter,  which  is  the  proportion  generally 
ufed.  The  befi  wood  for  wheels  of  all  forts,  is  a  light 
and  dry  beech. 

Horizontal  Wheels 

Are  befi  when  their  fells  are  made  circular;  in  the 
middle  of  the  top  of  the  nave,  muft  be  a  pintle,  turned 
out  of  the  fame  piece  as  the  nave,  2  inches  long,  and 
equal  in  diameter  to  the  bore  of  1  of  the  cafes  of  the  wheel ; 
there  muft  be  a  hole  bored  up  the  centre  of  the  nave, 
within  l  an  inch  of  the  top  of  the  pintle.  The  wheel 
being  made,  nail  at  the  end  of  each  fpoke  (of  which 
there  fhould  Lc  6  or  8^)  a  piece  of  wood,  with  a  groove 
cut  in  it  to  receive  the  cafe.  Thefe  pieces  fix  in  fuch  a 
manner,  that  half  the  calcs  may  incline  upwards,  and 
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half  downwards,  and  that  when  they  are  tied  On,  their 
heads  and  tails  may  come  very  near  together:  from  the 
tail  of  one  cafe  to  the  mouth  of  the  other  carry  a  leader, 
which  fecure  with  palled  paper.  Befides  thefe  pipes* 
it  will  be  neceffary  to  put  a  little  meal  powder  infide 
the  pafted  paper,  to  blow  off  the  pipe,  that  there  may  be 
no  obftrtiffion  to  the  fire,  from  the  cafes.  By  means  of 
thefe  pipes,  the  cafes  will  fuccefhvely  take,  burning  one 
upwards,  and  the  other  downwards.  On  the  pintle  fix 
a  cafe  of  the  fame  fort  as  thofe  on  the  wheel ;  this  cafe 
muff  be  fired  by  a  leader,  from  the  mouth  of  the  laffcafe 
on  the  wheel,  which  cafe  mud  play  downwards:  inflead 
of  a  common  cafe  in  the  m  iddle,  you  may  put  a  cafe  of 
Chinefe  fire,  long  enough  to  burn  as  long  as  2  or  3  of 
the  cafes  on  the  wheel. 

Horizontal  wheels  are  oft  fired  2  at  a  time,  and  made 
to  keep  time,  like  vertical  wheels;  only  they  are  made 
without  any  flow  or  dead  fire  ;  10  or  1 2  inches  will  be 
enough  for  the  diameter  of  wheels  with  6  ipokes.  Fige 
40.  reprefemts  a  wheel  on  fire,  with  the  firft  cafe  burning* 

Spiral!  Wheels 

Are  only  double  horizontal  wheels,  and  made  thus: 
The  nave  mud  be  about  6  inches  long,  and  fomewhat 
thicker  than  the  tingle  fort ;  inflead  of  the  pintle  at  top, 
make  a  hole  for  the  cafe  to  be  fixed  in ;  and  2  lets  of  ipokes, 
one  fet  near  the  top  of  the  nave,  and  the  other  near  the 
bottom.  At  the  end  of  each  fpoke  cut  a  groove,  wherein 
you  tie  the  cafes,  there  being  no  fell;  the  fpokes  fhould 
not  be  more  than  3  f  inches  long  each  from  the  nave, 
fo  that  the  wheel  may  not  be  more  than  8  or  9  inches 
diameter ;  the  cafes  are  placed  in  fuch  a  manner,  that 
thofe  at  top  play  down,  and  thofe  at  bottom  play  up,, 
but  let  the  3d  or  4th  cafe  play  horizontally.  1  he  caie 
in  the  middle  may  begin  with  any  of  the  others,  you 
pleafe :  6  fpokes  will  be -enough  for  each  fet,  fo  that  rhe 
wheel  may  confift  of  1 2  cafes,  befides  that  on  the  top  : 
the  cafes  6  inches  each, 
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Plural  Wheels 

Are  made’to  turn  horizontally,  and  to  confiflof  3  fets 
offpokes,  placed  6  at  top,  6  at  bottom,  and  4  in  the  mid¬ 
dle,  which  mud:  be  a  little  fhorter  than  the  reft  :  let  the 
diameter  of  the  wheel  be  10  inches;  the  cafes  mu  ft  be 
tied  on  the  ends  of  the  fpokes,  in  grooves  cut  on  purpofe, 
or  in  pieces  of  wood  nailed  on  the  ends  of  the  f pokes, 
with  grooves  cut  in  them  as  ufual :  in  clothing  thefe 
wheels,  make  the  upper  fet  of  cafes  play  obliquely 
downwards,  and  them  at  bottom  obliquely  upwards, 
and  them  in  the  middle  horizontally.  In  placing  the 
leaders,  you  muft  order  it  fo  that  the  cafes  may  burn 
thus,  viz.  firffc  up,  then  down,  then  horizontal,  and  fo 
on  with  the  reft;  but  another  change  may  be  made,  by 
driving  in  the  end  of  the  eighth  cafe,  2  or  3  ladles  full 
of  How  fire,  to  burn  till  the  wheel  has  flopped  its  courfe; 
then  let  the  other  cafes  be  fixed  the  contrary  way,  which 
will  make  the  wheel  run  back  again :  for  the  cafe  at 
top  you  may  put  a  frnall  gerbe  ;  and  let  the  cafes  on  the 
jfpokes  be  fhort,  and  filled  with  a  ftropg  brilliant  charge. 

Illuminated  Spiral  Wheel. 

Firft  have  a  circular  horizontal  wheel,  made  2  feet 
diameter,  with- a  hole  quite  through  the  nave;  then  take 
j  thin  pieces  of  deal,  3  feet  long  each,  and  f  of  an  inch 
broad  each :  one  end  of  each  of  thefe  pieces  nail  to  the  fell 
©f  the  wheel,  at  an  equal  diftance  from  one  another,  and 
the  other  end  nail  to  a  block  with  a  hole  in  its  bottom, 
which  muft  be  perpendicular  with  that  in  the  block  of  the 
wheel,  but  not  fo  large.  The  wheel  being  thus  made, 
have  a  hoop  planed  down  very  thin  and  flat ;  then  nail  one 
end  of  it  to  the  fell  of  the  wheel,  and  wind  it  roiind  the 
3  flicks  in  a  fpiral  line,  from  the  wheel  to  the  block  at  top: 
©n  the  top  of  this  block  fix  a  cafe  of  Chinefe  fire;  on  the 
wheel  you  may  place  any  number  of  cafes,  which  muft 
incline  downwards,  and  burn  2  at  a  time.  If  the  wheel 
fliould  confift  qf  10  cafes.,  yovi  may  let  ffie  illuminations 
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and  Chinefe  fire  begin  with  the  fecond  cafes.  The  fpindle 
for  this  wheel  mu  ft  be  a  little  longer  than  the  cone,  and 
made  very  fmooth  at  top*  on  which  the  upper  block  is 
to  turn,  and  the  whole  weight  of  the  wheel  to  reft. 
See  Fig.  4 1 . 

Double  Spiral  Wheel. 

For  this  wheel  the  block,  or  nave,  muft  be  as  long 
as  the  height  of  the  worms,  or  fpirai  lines,  but  mull 
be  made  very  thm,  and  as  light  as  poffible.  In  this 
block  muft  be  fixed  feveral  fpokes,  which  muft  diminifti 
in  length,  from  the  wheel  to  the  top,  fo  as  not  to  exceed 
the  furface  of  a  cone  of  the  fame  height.  To  the  ends 
of  thefe  fpokes  nail  the  worms,  which  muft  crols  each 
other  feveral  times  :  thefe  worms  clothe  with  illumina¬ 
tions,  the  fame  as  thofe  on  the  fingle  wheels;  but  the 
horizontal  wheel  you  may  clothe  as  you  like.  At  top 
of  the  worm  place  a  cale  of  fpur-fire,  or  an  amber  light. 
See  Fig,  42.  This  figure  is  fhewn  without  leaders,  to 
prevent  a  confufion  of  lines. 

Balloon  Wheels 

Are  made  to  turn  horizontally :  they  muft  be  made 
2  feet  diameter,  without  any  fpokes,  and  very  ftrong, 
with  anv  number  of  ftdes,  On  the  top  of  a  wheel  range 
an,d  fix  tin  pots,  3  inches  diameter,  and  7  inches  high 
eabh,  as  many  of  thefe  as  there  are  cafes  01a  the  wdieel : 
near  the  bottom  of  each  pot  make  a  fmall  vent ;  into  each 
of  thefe  vents  carry  a  leader  from  the  tail  of  each  cafe  ; 
fome  of  the  pots  load  with  ftars,  and  fome  with  ferpents, 
crackers,  &c.  As  the  wheels  turn,  the  pots  will  fuc- 
ceffively  be  fired,  and  throw  into  the  air  a  great  variety 

of  fires. 

Fruiloni  Wheels, 

Firft  have  a  nave  made  9  inches  long,  and  3  In  diame* 

m ;  near  the  bottom  of  this  nave  fix  8  fpokes,  with  & 

H  4  hole 
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hole  In  the  end  of  each,  large  enough  to  receive  a  2  or 
4  ounce  cafe:  each  of  thefe  fpokes  may  be  14  inches 
long  from  the  block.  Near  the  top  of  this  block  fix 
&  more  of  the  fame  fpokes,  exactly  over  the  others,  but 
Slot  fo  long  by  2  inches.  '  As  this  wheel  is  to  run  horizon¬ 
tally  all  the  cafes  in  rhe  fpokes  at  top  mull  play  obliquely 
upwards,  ana  all  them  in  the  fpokes  at  bottonrobliquely 
dowm  wards.  This  being  done,  have  a  fmall  horizontal 
%vheel  made  with  8  fpokes,  each  5  inches  long  from  the 
block:  on  the  top  of  this  wheel  place  a  cafe  of  brilliant 
fire:  all  the  cafes  on  this  wheel  mult  play  in  an  oblique 
direction  downwards,  and  burn  2  at  a  time,  and  thefe 
on  the  large  wheel  4  a£  a  time ;  that  is,  2  of  thofe  in  the 
top  fet  of  fpokes,  and  2  of  them  in  the  bottom  fet  of 
fpokes. 

The  4  firfl  cafes  on  the  large  wheel,  and  the  2  firft 
on  the  fmall,  muft  be  fired  at  the  fame  time,  and  the 
brilliant  fire  at  top,  at  the  beginning  of  rhe  laid  cafes. 
Tne  cafes  of  the  wheels  may  be  filled  with  a  grey  charge. 
\V  hen  thefe  wheels  are  completed,  you  muff  have  a  firong 
iron  fpindle,  made  4  feet  6  long,  and  fixed  perpendi¬ 
cular  on  the  top  of  a  (land  :  on  this  put  the  large  wheel, 
wdiofe  nave  muft  have  a  hole  quite  through  from  the  bot¬ 
tom  to  the  top.  This  hole  muff  be  large  enough  to  turn 
eafy  round  the  bottom  of  the  ipindle,  at  w  hich  place 
there  muft  be  a  fhoulder,  to  keep  the  wheel  from  touch¬ 
ing  the  ftand :  at  the  top  of  the  fpindle  put  the  fmall 
wheel,  and  join  it  to  a  large  one  with  a  leader,  in  order 
to  fire  them  both  together. 

Port-Fires  for  Illuminations 

Have  their  cafes  made  very  thin  of  paper,  and  rolled 
on  formers,  from  2  to  5  8ths  of  an  inch  diameter,  and 
are  made  from  2  to  6  inches  long:  they  are  pinched  clofe 
at  one  end,  and  left  ppen  at  the  other:  w7hen  you  fill  them, 
put  in  but  a  little  eompofition  at  a  Urge,  and  ram  it  in 
lightly,  fo  as  not  to  break  the  cafe:  3  or  4  rounds  of  pa¬ 
per,  with  the  laft  round  pafted,  will  be  ftrong  enough 
for  thefe  cafes.  Common 
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Common  Port-Fires 

Are  intended  purpofely  to  lire  the  works,  their  lire 
belno-  very  flow,  and  the  heat  of  the  dame  fo  intenfe, 
thatfif  applied  to  rockets,  leaders,  &c.  it  will  fire  them 
immediately.  Port  fires  may  be  made  of  any  length,  but 
are  feldom  made  more  than  21  inches  long:  the  interior 
diameter  of  port-fire  moulds. fhould  be  10  i6ths  of  an 
inch,  and  the  diameter  of  the  former,  f  an  inch.  The 
cafes  mud:  be  rolled  wet  with  pade,  and  one  end  pinched, 
or  folded  down.  The  moulds  fhould  be  made  of  brafs, 
and  to  take  in  2  pieces  lengthwife ;  then,  when  the 
cafe  is  in  the  2  fides,  they  are  held  together  by  brafs  rings, 
or  hoops,  which  are  made  to  fit  over  the  outfide.  The 
bore  of  the  mould  muft  not  be  made  quite  through,  fo 
that  there  will  be  no  occafion  for  a  foot.  Thofe  port 
fires,  when  u'ed,  are  held  in  copper  lockets,  fixed  on  the 
end  of  a  long  fiick:  thefe  fockets  are  made  like  port 
crayons,  only  with  a  fcrew,  inftead  of  a  ring. 

Cafcades  of  Fire 

\r 

Are  made  of  any  fize  •  but  one  made  according  to  the 
dimenfions  of  that  fhewn  in  Plate  4.  Fig*  43.  will  be 
large  enough  for  8  oz  cafes*  Let  the  diftance  from  A 
to  B,  be  3  feet ;  from  B  to  C,  2  feet  6  inches;  and  from 
C  D,  2  feet ;  and  let  the  crofs  piece  at  A,  be  4  feet  long; 
then  from  each  end  of  this  piece,  draw  a  line  to  D;  then 
make  the  other  crofs  pieces  fo  long  as  to  come  within 
thofe  lines.  The  top  piece  D,  may  be  of  any  length  fo 
as  to  hold  the  cafes,  at  a  little  difiance  from  each  other  ; 
all  the  crofs  pieces  are  fixed  horizontally,  and  fupported 
by  brackets ;  the  bottom  crofs  piece  fhould  be  about 
1  foot  6  inches  broad  in 'the  middle,  the  fecond  1  foot, 
the  third  9  inches,  and  the  top  piece  4  inches:  the  cafes 
may  be  made  of  any  length,  but  muft  be  filled  with  a  bril¬ 
liant  charge.  On  the  edges  of  the  crofs  pieces  muft  be 
Bailed  bits  of  wood^  with  a  groove  cut  in  each  piece,  large 

enough 
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enough  for  a  cafe  ro  lie  in.  Thefe  bits  of  wood  are  fixed 
fo  as  to  incline  downwards,  and  that  the  fire  from  one 
tier  of  cafes  may  play  over  the  other.  All  the  cafes  being 
tied  fail  on,  carry  leaders  from  one  to  the  other,  and  let 
there  be  a  pipe  hang  from  the  mouth  of  one  of  the  cafes, 
covered  at  the  end  with  a  fingle  paper,  which  you  burn 
to  fire  the  cafcade. 

The  Fire-Tree. 

To  make  a  fire-tree,  as  fhewn  by  Fig.  44.  you  mull 
firfi:  have  a  piece  of  wood  6  feet  long,  and  3  inches  fquare; 
then  at  E,  9  inches  from  the  top,  make  a  hole  in  the 
front,  and  in  each  fide;  or,  inftead  of  holes,  you  may  fix 
fhort  pegs,  to  fit  the  infide  of  the  cafes.  At  F  9  inches 
from  E,  fix  3  more  pegs ;  at  G,  1  foot  9  inches  from  F, 
fix  3  pegs;  at  H,  9  inches  from  G,  fix  3  pegs;  at  I,  9  in¬ 
ches  from  H,  fix  3  pegs,  inclining  downwards;  but  all 
the  other  pegs  mull  incline  upwards,  that  the  cafes  may- 
have  the  fame  inclination  as  you  fee  in  the  figure:  then 
at  top  place  a  4-inch  mortar,  loaded  with  ftars,  rains,  or 
crackers.  In  the  middle  of  this  mortar  place  a  cafe  filled 
with  any  fort  of  charge,  but  let  it  be  fired  with  the 
other  cafes:  a  brilliant  charge  will  do  for  all  the  cafes  ; 
but  the  mortar  may  be  made  of  any  diameter,  and  the 
tree  of  any  fize ;  and  on  it  any  number  of  cafes,  provided 
they  are  placed  in  the  manner  defcribed. 

Chinefe  Fountains. 

To  make  2  Chinefe  fountain,  you  mufi:  have  a  perpen¬ 
dicular  piece  of  wood,  7  feet  long,  and  2  f  inches  fquare. 
lb  inches  from  the  top,  fix  on  the  front  a  crofs  piece 
I  inch  thick,  and  2  §  broad,  with  the  broad  fide  up : 
below  this,  fix  3  more  pieces,  of  the  fame  wfidth  and 
thicknefs,  at  1 6  inches  from  each  other :  let  the  bottom 
rail  be  5  feet  long,  and  the  others  of  fuch  a  length  as  to 
allow  the  fire  pumps  to  ftand  in  the  middle  of  the  inter¬ 
vals  of  each  other.  The  pyramid  being  thus  made,  fix 
in  the  holes  made  in  the  bottom  rail*  5  fire  pumps,  at 

equal 
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equal  diftances :  on  the  2d  rail  place  4  pumps  ;  on  the 
O  d,  2  ;  on  the  4th,  2  ;  and  on  the  top  of  the  poft,  1 :  but 
place  them  all  to  incline  a  little  forwards,  that,  when 
they  throw  out  the  liars,  they  may  not  (trike  again  ft  the 
crofs  rails.  Having  (ixed  your  (ire  pumps,  clothe  them 
with  leaders,  io  that  they  may  all  be  fired  together. 
See  Fig.  45. 

Of  Illuminated  Globes  with  Horizontal 

Wheels. 

The  hoops  for  thefe  globes  may  he  made  of  wood, 
tin,  or  iron  wire,  about  2  feet  diameter.  For  a  {ingle 
globe  take  2  hoops,  and  tie  them  together,  one  within 
the  other,  at  right  angles ;  then  have  a  horizontal  wneel 
made,  whofe  diameter  muft  be  a  little  wider  than  the 
globe,  and  its  nave  6  inches  long,  on  the  top  of  which 
the  globe  is  fixed,  fo  as  to  Hand  3  01  4  inches  from 
the  wheel:  on  this  wheel  you  may  put  any  number  of 
cafes,  filled  with  what  charge  you  b  .e  ;  but  let  2  of  them 
burn  at  a  time:  they  may  be  placed  horizontally,  or  to 
incline  downwards,  juft  as  you  chufe.  Now,  when  the 
wheel  is  clothed,  fix  on  the  hoops  as  many  illuminations 
as  will  ftand  within  2  \  inches  of  each  other:  thefe  you 
fallen  on  the  hoops  with  fmall  iron  binding  wire;  and 
when  they  are  all  on,  put  on  your  pipes  of  communica** 
tion,  which  mu  ft  be  fo  managed,  as  to  light  them  all  with 
the  2d  or  3d  cafe  on  the  wheel.  The  fpindle  on  which 
the  globe  is  to  run  muft  go  through  the  block  of  the 
wheel,  up  to  the  infide  of  the  top  of  the  globe,  where 
muft  be  fixed  a  bit  cf  brafs,  or  iron,  with  a  hole  in 
it  to  receive  the  point  of  the  fpindle,  on  which  the 
whole  weight  of  the  wheel  is  to  bear,  as  in  Fig.  46* 
which  reprefents  a^lobe  on  its  fpindle  By  this,  method 
may  be  made  a  crown,  which  is  done  by  having  the 
hoops  b(  nt  in  the  form  of  a  crown*  Sometimes  globes 
and  crowns  are  ordered  fo  as  to  {land  ftill,  and  the 
wheel  only  to  turn  round  j  but  when  you  would 
have  the  globe  or  crown  to  ftand  ftill?  the  wneel. 
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to  run  by  itfelf,  the  block  of  the  wheel  mutt  not  be  fo 
long,  nor  the  fpindle  any  longer  than  to  juft  raife  the 
globe  a  little  above  the  wheel;  and  the  wheel  cafes  and 
illumination  muft  begin  together. 

Dodecaedron. 

So  called  becaufe  it  nearly  reprefen ts  a  twelve-fided 
figure,  and  is  made  thus.  Firft  have  a  ball  turned  out  of 
feme  hard  wood,  14  inches  diameter:  when  done,  divide 
its  fur  face  into  14  equal  parts,  from  which  bore  holes 
1  |  inch  diameter,  perpendicular  to  the  centre,  fo  that 
they  may  all  meet  in  the  middle:  then  let  there  be  turned 
in  the  infide  of  each  hole  a  female  ferew  ;  and  to  all  the 
holes,  but  one,  mud  be  made  a  round  fpoke  5  feet  long, 
with  4  inches  of  the  ferew  at  one  end,  to  fit  the  holes; 
then  in  the  ferew  end  of  all  the  fpokes  bore  a  hole,  5  inches 
up,  which  muft  be  bored  flanting,  fo  as  to  come  out  at 
one  fide,  a  little  above  the  ferew ;  from  which  cut  a 
fmall  groove  along  the  fpoke,  within  6  inches  of  the 
other  end,  where  you  make  another  hole  through  to  the 
other  fide  of  the  fpoke;  in  this  end  fix  a  fpindle,  on 
which  put  a  fmall  wheel,  of  3  or  4  fides,  each  fide  6  or 
7  inches  long:  thefe  fides  muft  have  grooves  cut  in  them, 
large  enough  to  receive  a  2  or  4  oz.  cafe:  when  thefe 
wheels  are  ciothed,  put  them  on  the  fpindles,  and  at  the 
end  of  each  fpindle  put  a  nyt  to  keep  the  wheel  from 
falling  off:  the  wheels  being  thus  fixed,  carry  a  pipe 
from  the  mouth  of  the  firft  cafe  on  each  wheel,  thro’  the 
hole  in  the  fide  of  the  fpoke,  and  from  thence  along  the 
groove,  and  through  the  other  hole,  fo  as  to  hang  out  at 
the  ferew  end  about  an  inch.  The  fpokes  being  all  pre¬ 
pared  in  this  manner,  you  muft  have  a  poft,  on  which 
you  intend  to  fire  the  work,  with  an  iron  ferew  in  the 
top  of  it,  to  fit  one  of  the  holes  in  the  ball :  on  this  ferew 
fix  the  ball;  then  in  the  top  hole  of  the  ball  put  a  little 
meal  powder,  and  fome  loofe  quick-match  ;  then  ferew 
in  all  the  fpokes^  and  in  one  fide  of  the  ball  bore  a  hole, 
in  which  put  a  leader,  and  fecure  it  at  the  end;  and  your 
work  will  be  ready  to  be  fired.  By  this  leader  the  pow- 
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der  and  match  in  the  centre  is  fired,  which  will  light 
the  match  at  the  ends  of  the  fpokes  all  at  once,  where¬ 
by  all  the  wheels  will  be  lighted  at  once.  There  may 
be  an  addition  to  this  piece,  by  fixing  a  fmall  globe 
on  each  wheel,  or  i  on  the  top  wheel  only.  A  grey 
charge  will  be  proper  for  the  wheel  cafes. 

The  Yew  Tree  of  Brilliant  Fire 

Is  reprefented  by  Fig.  47.  as  it  appears  when  burning. 
Firfi,  let  A  be  an  upright  piece  of  wood,  4  feet  long, 
2  inches  broad,  and  1  thick :  at  top  of  this  piece,  on  the 
fiat  fide,  fix  a  hoop,  14  inches  diameter;  and  round  its 
edge  and  front  place  illuminations;  and  in  the  centre  a 
^-pointed  fiar;  then  at  E,  which  is  1  f  foot  from  the 
edge  of  the  hoop,  place  2  cafes  of  brilliant  fire,  1  on 
each  fide:  thefe  cafes  ftiould  be  1  foot  long  each  :  below 
thefe  fix  2  more  cafes  of  the  fame  fize,  and  at  fuch  a  di¬ 
fiance,  that  their  mouths  may  almoft  meet  them  at  top: 
then,  clofe  to  the  ends  of  thefe  cafes,  fix  2  more  of 
the  fame  cafes;  they  muft  Hand  parallel  to  them  at  E. 
The  cafes  being  thus  fixed,  clothe  them  with  leaders ;  fa 
that  they,  with  the  illuminations  and  ftar  at  top,  mav  aU 
take  fire  together. 

Stars  with  Points  for  Regulated  Pieces,  &c. 

Thefe  ftars  are  made  of  different  fizes,  according  to 
the  work  for  which  they  are  intended:  they  are  made 
with  cafes  from  ioz.  to  1  lb.  but  in  general  vyith  402. 
cafes,  4  or  5  inches  long:  the  cafes  muft  be  rolled  witli 
pafte,  and  twice  as  thick  of  paper  as  a  rocket  of  the  fame 
bore.  Having  rolled  a  cafe,  pinch  one  end  of  it  quite 
clofe  ;  then  drive  in  f  a  diameter  of  clay,  and  when  the 
cafe  is  dry,  fill  it  with  compofition,  2  or  3  inches,  to 
the  length  of  the  cafes,  with  which  it  is  to  burn:  at  top 
of  the  charge  drive  fome  clay;  as  the  ends  of  thefe  cafes 
are  feldom  punched,  they  would  be  liable  to  take  fire. 
Having  filled  a  cafe,  divide  the  circumference  of  it  at  the 
pinched  end  clofe  to  the  clay  into  5  equal  parts ;  then 
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bore  5  holes  with  a  gimblet,  about  the  fize  of  the  Meek 
of  a  common  4  oz.  cafe,  into  the  compofition :  from  one 
hole  to  the  other  carry  a  quick-match,  and  fecureit  with 
paper:  this  paper  mu  ft  be  put  on  in  the  manner  of  that 
on  the  ends  of  wheel  cafes,  lb  that  the  hollow  part,  which 
projects  from  the  end  of  the  cafe,  may  ferve  to  receive 
a  leader  from  any  other  work,  to  give  fire  to  the  points 
of  the  ftar.  Thefe  ftars  may  be  made  with  any  number 
of  points. 

Fixed  Sun  with  a  Tranfparent  Face. 

To  make  a  fun  of  the  beft  fort  there  fhould  be  2  rows 
of  cafes,  as  in  Fig.  48,  Which  will  fhew  a  double  glory, 
and  make  the  rays  ftrong  and  full.  1  he  frame,  or  fun 
wheel,  mu  ft  be  made  thus:  Have  a  circular  flat  nave 
made  verv  ftrong,  1 2  inches  diameter  :  to  this  fix  6  ftrong 
flat  fpokes,  A,  B,  C,  D,  E,  F.  On  the  front  of  thele 
fix  a  circular  fell,  3  feet  diameter  •,  within  which  fix 
another  fell,  the  length  of  one  of  the  fun  cafes  lefs  in  dia¬ 
meter  *,  within  this  fix  a  3d  fell,  whole  diameter  muft  be 
lefs  than  the  2d,  by  the  length  of  1  cafe  and  1  3d.  The 
wheel  being  made,  divide  the  fells  into  fo  many  equal 
parts  as  you  would  have  cafes  (which  may  be  done  from 
24  to  44):  at  each  divifion  fix  a  flat  iron  ftaple :  thefe 
Itaples  mult  be  made  to  fit  the  cafes,  to  hold  them  fall 
on  the  wheel:  let  the  Ida  pies  be  fo  placed,  that  one 
row  of  cafes  may  lie  in  the  middle  of  the  intervals  of 

the  other. 

In  the  centre  of  the  block  of  the  fun  drive  a  fpindle, 

,on  which  put  a  fmall  hexagon  wheel,  whofe  cafes 
muft  be  filled  with  the  fame  charge  as  the  cafes  of 
*the  fun :  2  cafes  of  this  wheel  muft  burn  at  a  time,  ( 
:-and  begin  with  them  on  the  fells.  Having  fixed  on  f 
all  the  cafes,  carry  pipes  of  communication  from  one 
*to  the  other,  as  you  fee  in  the  figure,  and  from  one  fide  of 
the  fun  to  the  wheel  in  the  middle,  .and  from  thence  to 
the  other  fide  of  the  fun.  Theie  leaders  will  hold  the 

wheel  Ready  while  the  fun  is  fixing  up,  and  will  alfo 

be 
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be  a  fure  method  of  lighting  both  cafes  of  the  wheel  to¬ 
gether.  A  fun  thus  made  is  called  a  Brilliant  fun,  becaufe 
the  wood  work  is  intirely  covered  with  fire  from  the 
wheel  in  the  middle,  fo  that  there  appears  nothing  but 
fparks  of  brilliant  fire :  but,  if  you  would  have  a  Tranf- 
parent  face  in  the  centre,  you  mull  have  one  made  of 
pafteboard,  of  any  fize.  The  method  of  making  a  face  is, 
by"  cutting  out  the  eyes,  nofe,  and  mouth,  for  the  fparks  of 
the  wheel  to  appear  through  ;  but,  initead  of  this  face, 
you  may  have  one  painted  on  oiled  paper,  or  Perfianfilk, 
ft  rained  tight  on  a  hoop;  which  hoop  mult  be  fupported 
by  3  or  4  pieces  of  wire,  at  6  inches  diftance  from  the 
wheel  in  the  centre,  fo  that  the  light  of  it  may  illuminate 
the  face.  By  this  method  you  may  have,  in  the  front  of 
a  fun,  Vi  vat  Rex,  cut  in  pafteboard,  or  Apollo  painted 
on  fili<;  but,  for  a  fmall  colle&ion,  a  fun  with  a  fingle 
glory,  and  a  wheel  in  front,  will  be  molt  fuitable.  j  lb. 
cafes,  filled  io  inches  with  compofition,  will  be  a  good 
fize  for  a  fun  of  5  feet  diameter;  but,  if  larger,  the  cafes 
mu  ft  be  greater  in  proportion. 

Three  Vertical  Wheels  illuminated,  which 
turn  on  their  own  Naves  upon  a  Hori¬ 
zontal  Table. 

A  plan  of  this  is  fhewn  by  Fig.  49.  Let  D  be  a  deal 
table  3  feet  t  diameter :  this  table  muff  be  fixed  hori¬ 
zontally  on  the  top  of  a  poft ;  on  this  poll  muff:  be  a  per¬ 
pendicular  iron  fpindle,  which  mutt  come  through  the 
centre  of  the  table  :  then  let  A,  B,  C,  be  3  fpokes  joined 
to  a  triangular  flat  piece  of  wood,  in  the  middle  of  which 
make  a  hole  to  fit  eafily  over  the  fpindle :  let  E,  F,  G, 
be  1  ieces  of  wood,  4  or  5  inches  long  each,  and 
t  inches  fquare,  fixed  on  the  under  fides  of  the  fpokes ; 
in  thefe  pieces  make  holes  lengthwiie  to  receive  the  thin 
part  of  the  blocks  of  the  wheels,  which,  when  in,  are 
prevented  from  coming  out  by  a  imall  iron  pin  being  run 
through  the  end  of  each.  K,  L,  M,  are  3  vertical  octagon 

wheels, 
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wheels,  1 8  inches  diameter  each :  the  blocks  of  the/e  wheels 
mu  ft  be  long  enough  for  3  or  4  inches  to  reft;  on  the  table  t 
round  which  part  drive  a  number  of  fharp  points  of  wire, 
which  muft  not  project  out  of  the  blocks  more  than 
1  1 6th  of  an  inch:  the  ufe  of  thefe  points  is,  that,  when 
the  blocks  run  round,  they  will  flick  in  the  table,  and 
help  the  wheels  forward:  if  the  naves  are  made  of  ftrong 
wood,  one  inch  will  he  enough  for  the  diameter  of  the 
thin  part,  which  fhould  be  made  to  turn  eafy  in  the  holes 
in  the  pieces  E,  F,  G.  On  the  front  of  the  wheels  make 
4  or  5  circles  of  ftrong  wire,  or  fiat  hoops,  and  tie  on 
them  as  many  illuminations  as  they  will  hold  at  2  inches 
from  each  other:  inftead  of  circles,  you  may  make  fpiral 
lines,  clothed  with  illuminations,  at  the  fame  diftance 
from  each  other  as  thofe  on  the  hoops.  When  illumina-* 
tions  are  fixed  on  a  fpiral  line  in  the  front  of  a  wheel, 
they  muft  be  placed  a  little  on  the  ft  ant,  the  contrary  way 
that  the  wheel  runs:  the  cafes  for  thefe  wheels  may  be 
filled  with  any  coloured  charge,  but  muft  burn  only  one 
at  a  time. 

The  wheels  being  thus  prepared,  you  muft  have  a 
globe,  crown,  or  fpiral  wheel,  to  put  on  the  fpindle  in 
the  middle  of  the  table:  this  fpindle  fhould  be  juft  long 
enough  to  raife  the  wheel  of  the  globe,  crown,  or  fpiral 
wheel,  fo  high  that  its  fire  may  play  over  the  3  vertical 
wheels :  by  this  means  their  fires  will  not  be  confufed, 
nor  will  the  wheels  receive  any  damage  from  the  fire 
of  each  other.  In  clothing  this  work,  let  the  leaders 
be  fo  managed,  that  all  the  wheels  may  light  together, 
and  the  illuminations  after  2  cafes  of  each  wheel  are 
burnt* 

Illuminated  Chandelier. 

Illuminated  works  are  much  admired  by  the  Italians, 
and  indeed  are  a  great  addition  to  a  collection  of  works: 
in  a  grand  exhibition  an  illuminated  piece  fhould  be  fired 
after  every  2  or  3  wheels,  or  fixed  pieces  of  common  and 
brilliant  fires;  and  likewife  illuminated  works  may  be 
made  cheap,  quick,  and  eafy. 

To 
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To  make  an  illuminated  chandelier,  you  mull  firft  have 
one  made  of  thin  wood.  See  Fig.  50.  The  chandelier 
being  made,  bore  in  the  front  of  the  branches,  and  in 
the  body,  and  alfo  ill  the  crown  at  top,  as  many  holes  for 
illuminations  as  they  will  contain,  at  3  inches  diftance 
from  each  other:  in  thefe  holes  put  illuminations  filled  with 
white,  blue,  or  brilliant  charge.  Having  fixed  in  che 
port  fires,  clothe  them  with  leaders,  fo  that  the  chande¬ 
lier  and  crown  may  light  together.  The  fmall  circles 
on  this  figure  represent  the  mouths  of  the  illuminations, 
which  mull  project  ffrait  from  the  front* 

Illuminated  Yew-Tree. 

Firft  have  a  tree  made  of  wood,  fuch  as  is  fliewtt 
by  Fig.  51.  The  middle  piece,  or  item,  on  which  the 
branches  are  fixed,  mull  be  8  feet  6  inches  high :  at  the 
bottom  of  this  piece  draw  a  line,  at  right  angles,  2  feet 
6  inches  long  at  each  fide;  then  from  L  which  is  1  toot 
6  inches  from  the  bottom,  draw  a  line  on  each  fide  to 
C  and  D:  thefe  tine's  will  give  the  length  of  the  2  firft  bran¬ 
ches.  Then  put  on  the  2  top  branches  parallel  to  theip 
at  bottom:  let  the  length  of  each  of  thefe  branches  be  1  foot 
from  the  ftem:  from  the  ends  of  thefe  2  branches  draw  a 
line  to  C  and  D:  then  fix  on  5  more  branches  at  an  = 
diftance  from  each  other,  and  their  length  will  be  deter¬ 
mined  by  the  lines  A  C  and  E  D.  When  the  branches 
are  fixed,  place  illuminating  port  fires  on  the  top  of  each, 
as  many  as  you  chufe:  behind  the  top  of  the  ftem  fallen  a 
gerbe,  or  white  fountain,  which  muft  be  fired  at  the 
beginning  of  the  illuminations  on  the  tree. 

Flaming  Stars  with  Brilliant  Wheels. 

To  make  a  flaming  ftar,  you  muft  firft  have  made  a 
circular  piece  of  ftrong  wood  about  1  inch  thick  and 
2  feet  diameter:  round  this  block  fix  8  points,  2  feet  in-* 
ches  long  each ;  4  of  thjefe  points  muft  be  ftraight,  and  4 
flaming:  thefe  points  being  joinedon  very  ftrong,  and  even 

1  '  with 
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with  the  furface  of  the  block,  nail  tin  or  pafteboarcf 
on  their  edges,  from  the  block  to  the  end  of  each* 
where  they  mufl  be  joined :  this  tin  mud:  project  in  front 
g  inches,  and  be  joined  where  they  meet  at  the  block  ; 
round  the  front  of  the  block  fix  4  pieces  of  thick  iron 
wire,  8  inches  long  each,  equally  diflant  from  each 
other  :  this  being  done,  cut  a  piece  of  pafleboard  round, 
2  feet  diameter,  and  draw  on  it  a  flar*  as  may  be  feen 
in  Fig.  5  2 .  This  flar  cut  out,  and  on  the  back  of  it 
pad's  oiled  paper;  then  paint  each  point  half  red,  and 
half  yellow,  length  wife ,  but  the  body  of  the  flar  muff 
be  left  open,  wherein  mud:  run  a  brilliant  wheel,,  made 
thus:  Have  alight  block  turned 9  inches  long;  at  each 
end  of  it  fix  6  fpokes  ;  at  the  end  of  each  fpoke  put  a 
2  oz.  cafe  of  brilliant  fire:  the  length  of  thefe  cafes  muff 
be  in  proportion  to  the  wheel,  and  the  diameter  of  the 
•wheel  when  the  cafes  are  on  mufl  he  a  little  lefs  than  the 
diameter  of  the  body  of  the  fmall  flar:  the  cafes  on  the* 
fpokes  in  front  mufl  have  their  mouths  incline  outwards, 
and  them  on  the  infide  fpokes  mufl  be  placed  fo  as  to 
form  a  vertical  circle  of  fire.  When  you  place  your 
leaders,  carry  the  firft  pipe  from  the  tail  of  t  of  the  cafes 
in  front  to  the  mouth  of  1  of  the  infide  cafes,  and  from 
the  tail  of  that  to  another  in  front,  and  fo  on  to  all  the 
cafes.  Your  wheel  being  made,  put  it  on  a  fpindle,  iii 
the  centre  of  the  flar;  this  fpindle  mufl  have  a  fhoulder 
at  bottom,  to  keep  the  wheel  at  a  little  diilance  from  the 
block.  This  wheel  mufl  be  kept  on  the  fpindle  by  a  nut 
at  the  end;  having  fixed  on  the  wheel,  fallen  the  tranfi 
parent  flar  to  the  4  pieces  of  wire:  when  you  fire  it,  you 
will  only  fee  a  common  horizontal  wheel;  but  when  the* 
firfl  cafe  is  burnt  out,  it  will  fire  one  of  the  vertical  cafes, 
which  will  fhew  the  tranfparent  flar,  and  fill  the  large 
flames  and  points  With  fire ;  then  it  will  again  appear 
like  a  common  wheel,  and  fo  on  for  1 2  changes. 


Toucli 
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Touch-Paper  for  Capping  of  Serpents, 

Crackers,  &c. 

Difib] ve,  ift  fpiritsof  wine  or  vinegar,  a  little  faltpetre; 
then  take  fome  purple  or  blue  paper,  and  wet  it  with 
this  liquor,  and  when  dry  it  will  be  fit  for  ufe;  when 
you  pafte  this  paper  on  any  of  your  works,  take  care 
that  the  pafte  does  not  touch  that  part  which  is  to  burn. 
The  method  of  ufing  this  paper  is  by  cutting  it  into  flips, 
long  enough  to  go  once  round  the  mouth  or  a  ferpent, 
cracker,  &c.  When  you  pafte  on  thcie  flips,  !ea\e  a 
little  above  the  mouth  of  the  cafe  not  palled;  then  prime 
the  cafe  with  meal  powder,  and  twill  the  paper  to  a 

point. 

Projeded  Regulated  Piece  of  Nine  Mu¬ 
tations. 


A  regulated  piece,  if  well  executed,  is  as  curious  a 
work  as  any  in  fireworks:  it  confifts  of  fixed  and  move- 
able  pieces  on  one  fpindle,  representing  various  figuies, 
which  take  fire  fucceffively  one  from  another,  without 
any  afiiftance  after  lighting  the  fir  ft  mutation;  but,  tor 
the  better  explanation  of  this  piece,  I  fit  all  give  a  full 
defcription  of  the  method  of  communicating  the  fire  from 
one  mutation  to  the  other,  with  a  figure  oi  each  as  they 
Hand  on  the  fpindle.  Regulated  pieces  are  mace  of  many 
kinds,  and  of  any  number  of  mutations,  from  i  to  p, 
which  is  the  greateft  number  I  ever  knew  a  piece  to  con- 
lift  of,  except  one  of  my  own  making,  which  was  com- 
pofed  of  13  mutations,  all  different  fires  and  ^ figures : 
but,  as  an  explanation  of  fo  large  a. piece  would  be  diffi¬ 
cult  to  comprehend,  I  fhall  omit  it,  leaving  fo  nianv 
changes  to  thofe  who  have  made  a  great  piogreis  in  this 
art,  and  only  teach  the  manner  of  making  a  piece  of  9  mu¬ 
tations,  as  fhewn  in  Plate  V,  Fig.  53.  As  it  will  be  ne- 

ceffary  that  every  mutation  fhould  be  separately  explained, 

J  T  I  Ihall 
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I  fhall  firft  give  the  name  of  each,  with  the  colour  of  fire* 
and  fize  of  the  cafe  belonging  to  it ;  after  which  proceed 
with  the  proportion  of  each  mutation,  with  the  nature  of 
the  fpindle,  and  placing  the  leaders. 

Firft  Mutation 

Is  a  hexagon  vertical  wheel,  illuminated  in  front  with 
fmall  port  fires  tied  on  the  fpokes ;  this  wheel  mull  be 
clothed  with  2  oz.  cafes,  filled  with  black  charge  ;  the 
length  of  thefe  cafes  is  determined  by  the  fize  of  the 
wheel,  but  mufi  burn  fingly. 

i  '  >  f  ..  v  Si 

Second  Mutation 

Is  a  fixed  piece,  called  a  Golden  Glory,  by  reafon  ©f 
the  cafes  being  filled  with  fpur-fire ;  the  cafes  mull  Hand 
perpendicular  to  the  block  on  which  they  are  fixed,  fa 
that,  when  burning,  they  may  reprefent’  a  glory  of  fires 
this  mutation  is  generally  compofed  of  5  or  7  2-oz.  cafes*. 

Third  Mutation 

Is  moveable,  and  is  only  an  odtagon  vertical  wheels 
clothed  with  4  oz.  cafes,  filled  with  brilliant  charge  ;  2  of 
thefe  cafes  rnuft  burn  at  a  time:  in  this  wheel  you  may 
make  changes  of  fire. 

Fourth  Mutation 

Is  a  fixed  fun  of  brilliant  fire,  confifiing  of  1  %  4-oz* 
cafes;  the  necks  of  thefe  cafes  mull  be  a  little  larger  than 
thofe  of  4  oz.  wheel  cafes:  in  this  mutation  may  be  made 
a  change  of  fire,  by  filling  the  cafes  half  with  brilliant 
charge,  and  half  with  grey. 

Fifth  Mutation 

Is  a  fixed  piece,  called  the  Porcupine’s  Quills;  this 
piece  CQnfifts  of  12  fpokes,  Handing  perpendicular  to 

the- 
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die  block  in  which  they  are  fixed;  on  each  of  thefe  fpokes, 
near  the  end,  muft  be  placed  a  4  oz.  cafe  of  brilliant  fire; 
all  thefe  cafes  mull  incline  either  to  the  right  or  left,  fo 
that  they  may  all  play  one  way. 

Sixth  Mytation 

Is  a  Handing  piece,  called  the  Crofs  Fire.  This  muta¬ 
tion  confifts  of  8  fpokes  fixed  in  a  block ;  near  the  end 
of  each  of  thofe  fpokes  mull  be  tied  2  4-oz.  cafes  of  white 
charge,  one  acrofs  the  other,  fo  that  the  fires  from  the 
cafes  on  i  fpoke  may  interfeft  the  fire  from  cafes  on 
the  other. 

Seventh  Mutation 

Is  a  fixed  wheel,  with  2  circular  fells,  on  which  arc 
placed  16  8 -ounce  cafes  of  brilliant  fire,  in  the  form  of  a 
liar:  this  piece  is  called  a  Fixed  Star  of  Wild-fire. 

Eighth  Mutation. 

This  is  a  beautiful  piece,  called  a  Brilliant  Star -piece  5 
it  confifts  of  0  fpokes,  which  are  ftrengthened  by  2  fells 
of  a  hexagon  form,  at  fome  diftance  from  each  other ;  at 
the  end  of  each  fpoke,  in  the  front  is  fixed  a  brilliant 
ftar  of  5  points ;  and  on  each  fide  of  every  liar  is  placed 
a  4  oz.  cafe  of  black  or  grey  charge*,  thefe  cafes  muft 
be  placed  with  their  mouths  fideways,  fo  that  their  fires 
may  crofs  each  other. 

Ninth  Mutation 

Is  a  wheel  piece :  this  is  compofed  of  6  long  fpokes, 
with  a  hexagon  vertical  wheel  at  the  end  of  each  ;  thefe 
wheels  run  on  fpindles  in  the  front  of  the  fpokes ;  all  the 
wheels  are  lighted  together:  2  oz.  cafes  will  do  for  thefe 

wheels,  and  may  be  filled  with  any  coloured  charge. 

I  3  After 
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After  bavins;  (poke  of  the  fevers!  parts  of  the  regulated 
piece,  each  by  their  proper  names  and.  colour  of  fire,  I 
fhall  next  proceed  with  the  proportion  of  every  mutation, 
with  the  method  of  conveying  the  fire  from  one  to  the 
other,  and  the  diftance  they  {land  one  from  the  other  on 
the  fp indie, 

Firft  Mutation 

Muft  be  a  hexagon  vertical  wheel,  14  inches  diameter 
on  one  fide  of  the  block  whofe  diameter  is  2  J  inches,  is 
fixed  a  tin  barrel,  A,  fee  Fig.  53,  No.  1.  this  barrel  mud 
be  a  little  lefs  in  diameter  than  the  nave ;  let  the  length 
of  the  barrel  and  block  be  6  inches.  Having  fixed  the 
cafes  on  the  wheel,  carry  a  leader  from  the  tail  of  the 
lad  cafe  into  the  tin  barrel  through  a  hole  made  on  pur- 
pofe,  2  inches  from  the  block  •,  at  the  end  of  this  leader 
let  there  be  about  1  inch  or  2  of  loofe  match;  but  take 
care  to  fecure  well  the  hole  wherein  the  pipe  is  put,  to 
prevent  any  fparfcs  falling  in,  which  would  light  the 
fecond  mutation  before  its  time,  and  confufethe  whole. 

Second  Mutation 

Is  thus  made.  Have  a  nave  turned  2  §  inches  diame¬ 
ter,  and  1  long;  then  let  |  an  inch  of  that  end  which 
faces  the  firft  wheel  be  turned  fo  as  to  fit  eafy  into  the 
tin  barrel  of  the  firft  mutation,  which  mud  turn  round 
it  without  touching;  on  the  other  end  of  the  block  fix 
a  tin  barrel,  R,  N  2.  this  barrel  mud  be  6  inches  long, 
and  only  §  ail  inch  of  it  to  fit  on  the  block.  Round  the 
nave  fix  5  (pokes,  1  §  inch  long  each  ;  the  diameter  of 
the  (pokes'  mud  be  equal  to  a  2  oz^  former;  on  thefe  f 
fpokes  put  5  7-inch  2-oz.  e^fes  of  fpur  fire,  and  carry 
leaders  from  the  mouth  of  one  to  the  other,  that  they  may 
all  light  together;  then  from  the  mouth  of  1  of  the  cafes, 
carry  a  leader  through  a  hole  bored  {lantways  in  the  nave, 
from  between  the  fpokes,  to  the  fpont  of  the  block  near 
the  fpindle  hole ;  the  end  of  this  leader  mud  project  out 
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of  the  hole  into  the  barrel  of  the  firft  mutation,  fo  that 
when  the  pipe  which  comes  from  the  end  of  the  laft  cafe 
on  the  firft  wheel  dailies,  it  may  take  fire,  and  light  the 
2d  mutation.  To  communicate  the  fire  to 'the  3d  mu¬ 
tation,  bore  a  hole  near  the  bottom  of  one  of  the  5  cafes 
to  the  compofition,  and  from  thence  carry  a  leader  into 
a  hole  made  in  the  middle  of  the  barrel  B;  this  hole  muft 
be  covered  with  pafted  paper. 

Third  Mutation 

May  be  either  an  octagon  or  hexagon  wheel,  20  inches 
diameter;  let  the  nave  he  3  |  inches  diameter,  and  3  In 
length;  1  |  inch  of  the  front  of  the  nave  muft  be  made  to 
fit  in  the  barrel  B.  On  the  other  end  of  the  block  fix  a 
tin  barrel,  C,  N°.  3.  this  barrel  muft  be  6f  inches  in  length, 
one  inch  of  which  muft  fit  over  the  block.  The  cafes 
of  this  wheel  muft  burn  2  at  a  time  ;  and  from  the  mouths 
of  the  2  firft  cafes  carry  a  leader,  through  holes  in  the 
nave,  into  the  barrel  of  the  fecond  mutation,  after  the 
ufual  manner;  but  befides  thefe  leaders  let  there  be  a  pipe 
go  acrofs  the  wheel  from  one  firft  cafe  to  the  other  •,  then 
from  the  tail  of  one  of  the  laft  cafes  carry  a  pipe  into  a 
hole  in  the  middle  of  the  barrel  C  :  at  the  end  of  this  pipe 
let  there  hang  fume  ioofe  quick  match. 

Fourth  and  Fifth  Mutations. 

1  fhall  here  fpeak  of  thofe  2  mutations  under  i  head, 
as  their  naves  are  made  of  1  piece,  which  from  E  to  F 
is  14  inches;  E,  a  block  4  inches  diameter,  with  jo  or 
12  fhort  fpokes,  on  which  are  fixed  ie  inch  8  oz.  cafes  : 
let  the  front  of  this  block  be  made  to  fit  eafy  in  the  bar¬ 
rel  C,  and  clothe  the  cafes  fo  that  they  may  all  light  to¬ 
gether  ;  and  let  a  pipe, Be  carried  through  a  hole  in  the 
block  Into  the  barrel  C,  in  order  to  receive  the  fire  from 
the  leader  brought  from  the  laft  cafe  on  the  wheel.  G, 
the  nave  of  the  5th  'mutation,  whqfe  diameter  muft  be 
4  \  inches:  in  this  nave  fix  io  or  12  fpokes  1  §  foot  in 

I  4  length 
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length  each;  thefe  (pokes  mull  hand  7  ipches  diftant 
from  the  (pokes  of  the  4th  mutation  ;  and  at  the  end  of 
each  fpoke  tie  a  4  oz.  cafe,  as  N  °  5.  all  thefe  cafes  are  to 
be  lighted  together,  by  a  leader  brought  from  the  end 
of  1  of  the  cafes  on  N  4.  Let  F  and  H  be  of  the  fame 
piece  of  wood  as  E  and  G,  but  as  much  thinner  as  pofiible%, 
to  make  the  work  light. 

Sixth  and  Seventh  Mutations. 

The  blocks  of  thefe  2  mutations  are  turned  out  of 
1  piece  of  wood,  whole  length  from  F  to  P  is  15  inches* 

L,  a  block  3  inches  diameter,  in  which  are  fixed  8  (pokes, 
each  2  foot  4  inches  long ;  at  the  end  of  each  fpoke  tie 
24  oz.  cafes,  as  Np.  6.  all  thefe  cafes  mull  be  fired  at 
the  fame  time,  by  a  pipe  brought  from  the  end  of  one  of 
the  cafes  on  the  5th  mutation.  Let  the  difiance  between 
the  (pokes  at  L  and  thofe  in  the  5th  mutation  be  7  inches. 

M,  the  nave  of  the  7th  mutation,  whofe  diameter  mull  be 
5  §  inches:  in  this  nave  fix  8  (pokes,  and  on  the  front  of 
them  2  circular  fells,  1  of  4  feet  8  inches  diameter,  and  1  of 
3  feet  11  diameter;  on  thefe  fells  tie  1 6  8-oz.  or  pound  cafes 
as  in  N°.  7.  and  carry  leaders  from  one  to  the  other,  fo  that 
they  may  be  all  fired  together.  This  mutation  muft  be 
fired  by  a  leader  brought  from  the  tail  of  one  of  the  cafes 
on  the  fixth  mutation. 

Eighth  and  Ninth  Mutations. 

The  blocks  of  thefe  may  be  turned  out  of  one  piece, 
whofe  length  from  P  to  D  muft  be  1 2  inches.  O,  the 
block  of  the  8th  mutation,  which  muft  be  6  inches  dia¬ 
meter,  and  in  it  fixed  6  fpokes,  each  3  feet  in  length, 
ftrengthened  by  an  hexagon  fell  within  3  or  4  inches  of 
the  ends  of  the  fpokes ;  clofe  to  the  end  of  each  fpoke, 
in  the  front,  fix  a  five-pointed  brilliant  ftar;  then  7  inches 
below  each  ftar,  tie  2  10-inch  8-oz.  cafes,  fo  that  the 
upper  ends  of  the  cafes  may  reft  on  the  fells,  and  their 
ends  on  the  fpokes  ;  each  of  thefe  cafes  muft  be  placed 
parallel  to  the  oppofite  fell.  See  IM 8.  NNN,  &c.  are 
the  cafes,  and  kkk,  &c.  the  ftars. 
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The  9th  mutation  is  thus  made.  Let  D  be  a  block  7 
Inches  diameter;  in  this  block  muft  be  fere  wed  6  lpokes, 

€  feet  long  each,  with  holes  and  grooves  for  leaders,  as 
thofe  in  the  dodecaedron;  at  the  end  of  each  fpoke,  in 
the  front,  fix  a  fpindle  for  a  hexagon  vertical  wheel, 
10  inches  diameter,  as  in  N*.  9.  When  thefe  wheels  are 
on,  carry  a  leader  from  each  into  the  block,  fo  that  they 
may  all  meet ;  then  lead  a  pipe  from  the  end  of  1  of  the 
cafes  of  the  8th  mutation,  through  a  hole  bored  in  the 
block  D,  to  meet  the  leaders  from  the  vertical  wheels, 
fo  that  they  may  all  be  fired  together. 

The  fpindles  for  large  pieces  are  required  to  be  made 
very  ftrong,  and  as  exadt  as  pofiible:  for  a  piece  of 
9  mutations,  let  the  fpindle  be  at  the  large  end  1  inch  dia¬ 
meter,  and  continue  that  thicknefs  as  far  as  the  7th  muta¬ 
tion.  and  from  thence  to  the  5th;  let  its  diameter  be  J  of 
an  inch;  from  the  fifth  to  the  fourth,  5  8ths  of  an  inch $ 
from  the  fourth  to  the  fecond,  \  an  inch  ;  and  from  the 
fecond  to  the  end,  3  ^ths  of  an  inch:  at  the  fmall  end 
muft  be  a  nut  to  keep  on  the  firft  wheel,  and  at  the  thick 
end  muft  be  a  large  nut,  as  fhewn  by  the  figure ;  fo  that 
the  fcrew  part  of  the  fpindle  being  put  through  a  poft,  and 
a  nut  fcrewed  on  tight,  the  fpindle  will  be  held  faft  and 
fteady ;  but  you  are  to  obferve,  that  that  part  of  the  fpin¬ 
dle,  on  which  the  moveable  pieces  are  to  run,  be  made 
long  enough  for  the  wheels  to  run  eafy  without  {ticking; 
the  fixed  pieces  being  made  on  different  blocks,  the  lead¬ 
ers  muft  be  joined,  after  they  are  fixed  on  the  fpindle. 
The  beft  method  of  preventing  the  fixed  mutations  from 
moving  on  the  fpindle,  is,  to  make  that  part  of  the  fpin¬ 
dle  which  goes  through  them  fquare ;  but  as  it  would  be 
difficult  to  make  fquare  holes  through  fuch  long  blocks 
as  are  fometimes  required,  it  will  be  beft  to  make  them 
thus :  Bore  a  round  hole  a  little  larger  than  the  diameter 
qf  the  fpindle,  and  at  each  end  of  the  block  over  the 
hole,  faften  a  piece  of  brafs  yritfi  3  fquare  hole  in  it  to 
fit  the  fpindle. 

To 
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To  make  an  Horizontal  Wheel  change 
to  a  Vertical  Wheel  with  a  Sun  in 

Front. 

The  fudden  change  of  this  piece  is  very  pleafing,  and 
gives  great  furprife  to  thofe  who  are  not  acquainted  with 
the  contrivance.  A  wheel  for  this  purpofe  fhould  be 
about  3  feet  diameter,  and  its  fell  circular,  on  which  tie 
1 6  half-pound  cafes  filled  with  brilliant  charge ;  2  of  thefe 
cafes  mull  burn  at  a  time,  and  on  each  end  of  the  nave 
muft  be  a  tin  barrel  of  the  fame  conftrudtion  as  thofe  on 
the  regulated  piece  ;  the  w'heel  being  completed,  prepare 
the  poll  or  ftand  thus:  firft  have  a  ftand  made  of  any 
height,  about  3  or  4  inches  fquare;  then  faw  off  from 
the  top,  a  piece  2  feet  long;  this  piece  join  again  at  the 
place  where  it  was  cut,  with  a  hinge  on  one  fide,  fo  that 
it  may  lift  up  and  clown  in  the  front  of  the  ftand,  then  fix 
on  the  top  of  the  bottom  part  of  the  ftand,  on  each  fide 
a  bracket :  thefe  brackets  muft  projed:  at  right  angles 
with  the  ftand,  1  foot  from  the  front,  for  the  fhort  piece 
to  reft  on ;  but  thefe  brackets  muft  be  placed  a  little  above 
the  joint  of  the  poft,  fo  that  when  the  upper  ftand  falls, 
it  may  lie  between  them  at  right  angles  with  the  bottom 
ftand,  which  may  be  done  by  fixing  a  piece  of  wood, 
1  foot  long,  between  the  brackets,  and  even  with  the  top 
of  the  bottom  ftand;  then,  as  the  brackets  rife  above  the 
bottom  ftand,  they  will  form  a  channel  for  the  fhort  poft 
to  lie  in,  and  keep  it  fteady  without  ftraining  the  hinge ; 
on  the  fide  of  the  fhort  poft  oppofite  the  hinge,  nail  a  piece 
of  wood,  of  fuch  a  length,  that,  when  the  poft  is  perpen¬ 
dicular,  it  may  reach  about  1  f  foot  down  the  long  poft, 
to  which  being  tied,  it  will  hold  the  fhort  ftand  upright : 
the  ftand  being  thus  prepared,  in  the  top  of  it  fix  a  ip  indie 
10  inches  long;  on  this  fpindle  put  the  wheel,  then  fix 
on  a  brilliant  fun  with  a  fingle  glory ;  the  diameter  of 
this  fun  muft  be  6  inches  lefs  than  that  of  the  wheel. 
When  you  fire  this  piece,  light  the  wheel  firft,  and  let  it 

run 
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run  horizontally  till  4  cafes  are  confirmed;  then  from  the 
end  of  the  4th  cafe  carry  a  leader  into  the  tin  barrel  that 
turns  over  the  end  of  the  ftand;  this  leader  mull  be  met  by 
another  brought  through  the  top  of  the  P°ft’  from  a  cafe 
filled  with  a  ftrong  port-fire  charge,  and  tied  to  the  bot¬ 
tom  poft,  with  its  mouth  facing  the  ■  pack-thread  which 
holds  up  the  ftand,  fo  that  when  this  cafe  is  lighted,  it 
will  burn  the  pack-thread,  and  let  the  wheel  fall  forward, 
by  which  means  it  will  become  vertical ;  then  from  the 
laft  cafe  of  the  wheel,  carry  a  leader  into  the  barrel  next 
the  fun,  which  will  begin  as  foon  as  the  wheel  is  burnt 

out. 


Grand  Volute  illuminated  with  a  projeded 

Wheel  in  Front. 

Firft  have  2  hoops  made  of  ftrong  iron  wire,  one  of 
6  feet  diameter,  and  one  of  4  feet  2  inches ;  thefe  hoops 
muft  be  joined  to  fcrolls  A,  A,  A,  &c.  as  in  Fig.  54- 
Thefe  fcrolls  muft  be  made  of  the  fame  fort  oi  wne  as  the 
hoops:  on  thefe  fcrolls  tie,  with  iron  binding  wire,  as 
many  illuminating  port-fires  as  they  will  hold,  at  2  inches 
diftance  :  thefe  port  fires  clothe  with  leaders,  fo  that  they 
may  all  take  fire  together  ;  then  let  C  be  a  circular  wheel 
pf  4  fpokes,  3  feet  6  inches  diameter,  and  on  its  fell  tie 
as  many  4  oz  cafes,  head  to  tail,  as  will  complete  tne 
circle,  only  allowing  a  fufficient  diftance  between  the 
cafes  that  the  fire  may  pafs  free,  which  may  be  done  by 
cutting  the  upper  part  of  the  end  of  each  cafe  a  little  fhelv- 
ino- :  on  each  lpoke  fix  a  4  oz.  cafe  about  3  inches  from 
the  fell  of  the  wheel ;  thefe  cafes  are  to  burn  one  at  a .time, 
and  the  firft  of  them  to  begin  with  thefe  on  the  fell,  o 
which  4  are  to  burn  at  a  time,  fo  that  the  wheel  will  laft  no 
longer  than  J  of  the  cafes  on  the  fell,  which  in  number 
ftiould  be  16  or  20:  on  the  front  of  the  wheel  form  a  lpiral 
line,  with  ftrong  wire,  on  which  tie  port  fires,  placing  them 
pn  a  flant,  with  their  mouths  to  face  the  fame  way  as  the 
cafes  on  the  wheel-,  all  thefe  port  fires  muft  be  fired  with  the 
2d  cafes  of  wheel.  Let  D,  D,  D,  &te.  be  fpokes  of  wood, 
all  made  to  ferew  into  a  block  in  the  centre,  each  o*.  ti  ie  e 
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fpokes  may  be  in  length  about  4  feet  6  inches ;  in  the 
top  of  each  fix  a  fpindle,  and  on  each  fpindleput  a  fpirali 
wheel  of  8  fpokes,  fuch  as  E,  E,  E,  &c.  The  blocks  of 
thefe- wheels  mull  have  a  hole  at  top  for  the  centre  cafes, 
and  the  fpindle  muft  have  nuts  fcrewed  on  their  ends; 
which  nuts  fhould  fit  in  the  holes  at  top  of  the  blocks,  fo 
fo  that  all  the  wheels  muft  be  put  on  before  you  fix  in 
the  centre  cafes :  as  fome  of  thefe  wheels  by  reafon  of 
their  fituation  will  not  bear  on  the  nut,  it  will  be  necef- 
fary  to  have  fmooth  fhoulders  made  on  the  fpindles  for 
the  blocks  to  run  on ;  the  cafes  of  thefe  wheels  are  to  burn 
double,  and  the  method  of  firing  them  is,  by  carrying  a 
leader  from  each  down  the  fpokes  into  the  block  in  the 
centre,  as  in  the  dodecaedron,  but  the  centre  cafe  of  each 
wheel  muft  begin  with  the  2  laft  cafes  as  ufual.  It  is  to 
be  obferved,  that  the  large  circular  wheel  in  front  muft 
have  a  tin  barrel  on  its  block,  into  which  a  pipe  muft  be 
carried  from  one  of  the  fecond  cafes  on  the  wheel ;  this 
pipe  being  met  by  another  from  the  large  block,  in  which 
the  8  fpokes  are  fcrewed,  will  fire  all  the  fpirali  wheels 
and  the  illuminating  port  fires  at  the  fame  time.  The 
cafes  of  the  projected  wheel  may  be  filled  with  a  white 
charge,  and  thofe  of  the  fpirali  wheels,  with  a  grey. 

Moon  and  Seven  Stars. 

Let  Fig.  55.  be  a  fmooth  circular  board,  6  feet  diame¬ 
ter  ;  out  of  the  middle  of  it  cut  a  circular  piece  12  or 
14.  inches  diameter,  and  over  the  vacancy  put  white 
Perfian  filk,  on  which  paint  a  moon’s  face  3  then  let 
I,  I,  I,  &c.  be  ftars  each  4  or  5  inches  diameter,  cut 
out  with  5  points,  and  covered  with  oiled  filk :  on  the 
front  of  the  large  circular  board,  draw  a  y-pointed 
ftar,  as  large  as  the  circle  will  allow ;  then  on  the  lines 
which  form  this  ftar,  bore  holes,  wherein  fix  pointed 
ftars.  When  this  piece  is  to  be  fired,  it  muft  be  fixed 
upon  the  front  of  a  poll,  on  a  fpindle,  with  a  wheel  of 
brilliant  fire  behind  the  face  of  the  moon ;  fo  that  while 
the  wheel  burns,  the  moon  and  ftars  will  appear  tranfpa- 
rent,  and  when  the  wheel  has  burnt  out,  they  will  dis¬ 
appear* 
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appear,  and  the  large  liar  in  front,  which  is  formed  of 
pointed  ftars,  will  begin,  being  lighted  by  a  pipe  of  com¬ 
munication  from  the  laft  cafe  of  the  vertical  wheel,  behind 
the  moon ;  this  pipe  mull  be  managed  in  the  fame  man¬ 
ner  as  thofe  in  regulated  pieces. 

Double  Cone  Wheel  Illuminated. 


This  piece  is  reprefented  by  Fig.  56.  Let  A  be  a 
fftong  decagon  wheel,  2  feet  6  inches  diameter;  then  on 
each  fide  of  it  fix  a  cone  B  and  C;  thefe  cones  are  to 
confift  of  a  number  of  hoops  ,  fupported  by  3  or  4  pieces 
of  wood,  in  the  manner  of  the  fpiral  wheels:  let  the  height 
of  each  cone  be  3  feet  6  inches,  and  on  all  the  hoops  tie 
port  fires  horizontally,  with  their  mouths  outwards,  and 
clothe  the  wheel  with  8  ounce  cafes,  all  to  play  horizon¬ 
tally,  2  at  a  time  :  the  cones  may  be  fired  with  the  firft 
or  fecond  cafes.  The  fpindle  for  this  piece  muff  go 
through  both  the  cones,  and  rife  3  feet  above  the  point 
of  the  cone  at  top,  fo  that  its  length  will  be  to  feet  4  in¬ 
ches  from  the  top  of  the  pofhH,  in  which  it  is  fixed,  al¬ 
lowing  4  inches  for  the  thicknefs  of  the  block  of  the 
wheel:  the  whole  weight  of  the  wheel  and  cones  muft 
bear  on  a  fhoulder  in  the  fpindle,  on  which  the  block 
of  the  wheel  muff  turn:  near  the  top  of  the  fpindle  muft 
be  a  hole  in  the  front,  into  which  fcrew  a  fmall  fpindle, 
after  the  cones  are  on ,  then  on  this  fmall  fpindle  fix  a 
fun,  D,  compofed  of  1 6  nine-inch  4  oz.  cafes,  of  brilliant 
fire;  which  cafes  mud  not  be  placed  on  a  fell,  but  only 
(luck into  a  block  of  6  inches  diameter:  then  in  the  front 
of  this  fun  muft  be  a  circular  vertical  wheel,  1 6  inches 
diameter ;  on  the  front  of  this  wheel  form  with  iron  wire 
a  fpiral  line,  and  clothe  it  with  illuminations,  after  the 
ufual  method.  As  this  wheel  is  not  to  be  fired  till  the 
cones  are  burnt  out,  the  method  of  firing  it  is, — Let  the 
hole  in  the  block,  at  the  top  of  the  uppermoft  cone,  be 
a  little  larger  than  the  fpindle  which  pafles  through  it ; 
then,  from  the  firft  cafe  of  the  vertical  wheel  before  the 
fun,  carry  a  leader  down  the  fide  of  the  fpindle  to.  the  top 
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of  the  block  of  the  horizontal  wheel,  on  which  mu  ft  be 
a  tin  barrel ;  then  this  leader,  being  met  by  another 
brought  from  the  end  of  the  laft  cafe  of  the  horizontal 
wheel,  will  give  fire  to  the  vertical  wheel,  fo  loon  as  the 
cones  are  extinguifhed ;  but  the  fun,  D,  muft  not  be 
fired,  till  the  vertical  wheel  is  quite  burnt  out. 

i 

Fire-Fumps. 

Cafes  for  fire»pumps  are  macleasthofe  for  tourbiilons* 
only  they  are  pafted,  inftead  of  being  rolled  dry.  Hav- 
ing  rolled  and  dried  your  cafes,  fill  them  :  firffc  put  in  a 
little  meal  powder,  and  then  a  ftav  *,  on  which  ram  lightly 
a  ladle  or  2  of  compofition,  then  a  little  meal  powder, 
and  on  that  a  ftar,  then  again  compofition,  and  fo  on  till 
vou  have  filled  the  cafe,  btars  for  fire- pumps  fhould 
not  be  round,  but  muft  be  made  either  fquare,  or  flat  and 
circular,  with  a  hole  through  the  middle;  the  quantity 
of  powder  for  throwing  the  ftars  muft  increafe  as  you 
come  near  the  top  of  the  cafe ;  for,  if  much  powder  be 
put  at  the  bottom,  it  will  burft  the  cafe.  The  flats  muft 
differ  in  fize,  in  this  manner:  let  the  ftar  which  you  put 
in  firft,  be  about  J  lefs  than  the  bore  of  the  cafe;  but  let 
the  next  ftar  be  a  little  larger,  and  the  3d  ftar  a  little 
larger  than  the  2d,  and  fo  on:  let  them  increafe  in  dia- 
meter,  till  within  2  of  the  top  of  the  cafe,  which  2  muft 
fit  in  tight.  As  the  loading  of  fire-pumps  is  fomewhat 
difficult,  it  will  be  neceflfary  to  make  2  or  3  trials,  before 
you  depend  on  their  performance:  when  you  fill  a  num¬ 
ber  of  pumps,  take  care  not  to  put  in  each  an  equal  quan¬ 
tity  of  charge  between  the  ftars,  fo  that  when  they  are 
fired  they  may  not  throw  up  too  many  ftars  together. 
Cafes  for  fire-pumps  fhould  be  made  very  ftrong,  and 
relied  on  4  or  8  oz,  formers,  10  or  12  inches  long  each. 
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Vertical  Scroll  Wheel, 

This  wheel  may  be  made  of  any  diameter,  but  muft 
be  cbnftru&ed  as  in  Fig.  57,  to  do  which  proceed  thus: 
Have  a  block  made  of  a  moderate  hze,  into  which  fix 
4  flat  fpokes,  and  on  them  fix  a  flat  circular  fell  of  wood; 
round  the  front  of  this  fell  place  port-mes;  then  on  th© 
front  of  the  fpokes  form  a  fcroll,  either  with  a  hoop  or 
ffrong  iron  wire  ;  on  this  fcroll  tie  cafes  of  brilliant  tire* 
in  proportion  to  the  wheel,  head  to  tail,  as  in  the  figure. 
When  you  fire  this  wheel,  light  the  firfl  cafe  near  the  fell ; 
then,  as  the  cafes  fire  fucceffively,  you  will  fee  the  circle 
of  fire  gradually  diminifh*,  but  whether  the  illuminations 
on  the  fell  begin  with  the  fcroll,  or  not,  is  immaterial, 
that  being  left  intirely  to  the  maker. 

N.  B.  This  wheel  may  be  put  in  the  front  of  a  re¬ 
gulated  piece,  or  fired  by  itfelf,  occafionally . 

Pin-Wheels. 

Firfl  rell  fome  paper  pipes,  about  14  inches  long  each? 
thefe  pipes  mufl  not  be  made  thick  of  paper,  2  or  3  rounds 
of  elephant  paper  being  fufficient.  When  your  pipes  are 
thoroughly  dried,  you  mufl  have  made  a  tin  tube,  1 2  inches 
long,  to  fit  eafy  into  the  pipes  *,  at  one  end  of  this  tube  fix 
a  fmall  conical  cup,  which  done  is  called  a  funnel:  then 
bend  1  end  of  1  of  the  pipes,  and  put  the  funnel  in  at  the 
other,  as  far  as  it  will  reach,  and  fill  the  cup  with  com- 
pofition:  then  draw  out  the  funnel  by  a  little  at  a  time, 
fhaking  it  up  and  down  ;  and  it  will  fill  the  pipe  as  it 
comes  out.  Having  filled  fome  pipes,  have  made  fome 
fmall  blocks,  about  1  inch  diameter,  and \  inch  thick: 
round  1  of  thefe  blocks  wind  and  pade  a  pipe,  and  to 
•the end  of  this  pipe  join  another;  which  mufl  be  done  by 
twifling  the  end  of  one  pipe  to  a  point,  and  putting  it 
into  the  end  of  the  other,  with  a  little  pafle:  in  this  man¬ 
ner  join  4-  or  3  pipes,  winding  them  one  upon  the  other, 
fo  as  to  form  a  fjpiral  line.  Having  wound  on  your  pipes^ 


*2$  ARTIFICIAL 

pafte  2  flips  of  paper  acrofs  them,  to  hold  them  to¬ 
gether  :  betides  thefe  flips  of  paper  the  pipes  mult  be 
pafted  together. 

There  is  another  method  of  making  thefe  wheels,  called 
the  French;  which  is,  by  winding  on  the  pipes  without 
pafte,  and  flicking  them  together  with  fealing-wax,  at 
every  half-turn ;  fo  that,  when  they  are  fired,  the  end 
will  fall  loofe  every  time  the  fire  paffes  the  wax ;  by 
which  means  the  circle  of  fire  will  be  confiderably  in- 
creafed.  The  formers  for  thele  pipes  are  made  front 
i  |  to  4  i6ths  of  an  inch  diameter,  and  the  compofition 
for  them  as  follows ;  meal  powder  8  oz<  faltpetre  2  oz* 
and  fulphur  1:  among  thefe  ingredients  may  be  mixed  a 
little  fteel-filings,  or  the  duft  of  caft  iron:  this  compofi¬ 
tion  fhould  be  very  dry,  and  not  made  too  fine,  or  it  will 
flick  in  the  funnel.  Thefe  wheels  may  be  fired  on  a 
large  pin*  and  held  in  the  hand  with  fafety* 

Fire-Globes. 

There  are  2  forts  of  fire  globes,  one  with  projected 
cafes,  the  other  with  the  cafes  concealed  thus  :  Have  a 
globe  made  of  wood,  of  any  diameter  you  chufe,  and 
divide  the  furface  of  it  into  14  equal  parts,  and  at  each 
divifion  bore  a  hole  perpendicular  to  the  centre:  thefe 
holes  muft  be  in  proportion  to  the  cafes  intended  to  be 
ufed :  in  every  hole,  except  one,  put  a  cafe  filled/  with 
brilliant,  or  any  other  charge,  and  let  the  mouths  of  the 
cafes  be  even  with  the  furface  of  the  globe }  then  cut  in 
the  globe  a  groove,  from  the  mouth  of  one  cafe  to  the 
other,  for  leaders,  which  muft  be  carried  from  cafe  to 
cafe,  fo  that  they  may  all  be  fired  together:  this 
done,  cover  the  globe  with  a  tingle  paper,  and  paint 
it.  Thefe  globes  may  be  ufed  to  ornament  a  building. 

Fire-globes  with  projected  cafes  are  made  thus:  Your 
odobe  being  made  with  14  holes  bored  in  it  asufuaLfix 
in  every  hole,  except  one,  a  cafe,  and  let  each  cafe  pro¬ 
ject  from  the  globe  2  thirds  of  its  length-,  then  clothe 
all  the  cafes  with  leaders,  fo  that  they  may  ail  take  fire 

at 
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at  the  fame  time.  Fire-globes  are  fupported  by  a  pintle? 
made  to  fit  the  hole  in  which  there  is  no  cafe. 

To  thread  and  join  Leaders,  and  place  them 

on  different  Works. 

Joining  and  placing  Leaders  is  a  very  effential  part 
of  fire-works,  as  it  is  on  the  leaders  that  the  performance 
of  all  complex  works  depends;  for  which  reafon  I  fhall 
endeavour  here  to  explain  the  method  of  conducting 
pipes  of  communication,  in  as  plain  a  manner  as  poffible. 
Your  works  being  ready  to  be  clothed,  proceed  thus: 
Cut  your  pipes  of  a  fufficient  length  to  reach  from  one 
cale  to  the  other ;  then  put  in  the  quick-match,  which, 
mutt:  always  be  made  to  go  in  very  eafy  :  when  the  match 
is  in,  cut  it  off  within  about  an  inch  of  the  end  of  the 
pipe,  and  let  it  project  as  much  at  the  other  end ;  then 
fatten  the  pipe  to  the  mouth  of  each  cafe  with  a  pin,  and 
put  the  loofe  ends  of  the  match  into  the  mouths  of  the 
cafes,  with  a  little  meal  powder:  this  done  to  all  the  cafes, 
patte  over  the  mouth  of  each  2  or  3  bits  of  paper.  The 
preceding  method  is  ufed  for  large  cafes,  and  the  following 
for  fmall,  and  for  illuminations  :  Firft  thread  along  pipe ; 
then  lay  it  on  the  tops  of  the  cafes,  and  cut  a  bit  off  the 
under  fide,  over  the  mouth  of  each  cafe,  To  that  the  match 
may  appear ;  then  pin  the  pipe  to  every  other  cafe,  but 
before  you  put  on  the  pipes,  put  a  little  meal  powder  in 
the  mouth  of  each  cafe :  if  the  cafes  thus  clothed  are  port 
fires  on  illuminated  works,  cover  the  mouth  of  each  cafe 
with  a  fmgle  paper,  but,  if  they  arechoa  ed  cafes,  fitu- 
ated  fo  that  a  number  of  fparks  from  other  works  may 
fall  on  them  before  they  are  fired,  fecure  them  with  3  or 
papers,  which  mutt  be  patted  on  very  imootb,  that  there 
may  be  no  creafes  for  the  fparks  to  lodge  in,  which  oft 
fet  fire  to  the  works  before  their  time.  Avoid,  as  much 
as  poffible,  placing  the  leaders  too  near,  or  one  acrcfs 
the  other  fo  as  to  touch,  as  it  may  happen  that  the  ttafh 
of  one  will  fire  the  other;  therefore,  if  your  works  fhouid 
be  fo  formed,  that  the  leaders  mutt  crofs  or  touch,  be  fure 

K  *  to 


I30  ARTIFICIAL 

to  make  them  very  ffrong,  and  fecure  at  the  joints,  and  at 


every  opening. 

When  a  great  length  of  pipe  is  required,  it  mull  be 
made  bv  joining  feveral  pipes  in  this  manner:  Having 
put  on  i  length  of  match  as  many  pipes  as  it  will  hold, 
pafte  paper  over  every  joint*,  but,  if  a  (till  greater  length 
is  required,  more  pipes  mu  ft  be  joined,  by  cutting  off 
about  an  inch  of  one  fide  of  each  pipe  near  the  end,  and 
laying  the  quick  match  together,  and  tying  them  faff 
with  fmall  twine ;  after  which,  cover  the  joining  with 
pafted  paper. 


Placing  Fire-works  to  be  exhibited,  with 

the  Order  of  Firing. 

Nothing  adds  more  to  the  appearance  of  fire-works,  than 
the  placing  them  properly;  though  the  manner  of  placing 
them  chiefly  depends  on  the  judgement  of  the  maker. 
I  {hall  give  fuch  rules  here,  as  have  been  generally  obfer- 
ved  ;  for  example,  whether  your  works  are  to  be  fired  on 
a  building,  or  on  ffands :  If  they  are  a  double  fet,  place 
one  wheel  of  a  fort  on  each  fide  of  the  building ;  and  next 
to  each  of  them,  towards  the  centre,  place  a  fixed  piece, 
then  wheels,  and  fo  on ;  leaving  a  fufflcient  diffance  be¬ 
tween  them,  for  the  Are  to  play  from  one  without  burn-, 
ing  the  other:  Having  fixed  fome  of  your  works  thus  in 
front,  place  the  reft  behind  them,  in  the  centre  of  their 
intervals:  the  largeft  piece,  which  is  generally  a  regu¬ 
lated  or  tranfparent  piece,  muff  be  placed  in  the  centre 
of  the  building,  and  behind  it  a  fun,  which  muff  always 
ffand  above  all  the  other  works :  a  little  before  the  build¬ 
ing,  or  ffands,  place  your  large  gerbes ;  and  at  the  back 
of  the  works,  fix  your  marron  batteries,  pots  des  aigret¬ 
tes,  pots  des  brins,  pots  des  fauciflons,  air  balloons* 
and  flights  of  rockets:  the  rocket  ffands  may  be  fixed 
behind,  or  any  where  elfe,  fo  as  not  to  be  in  the  way  of 
the  works. 


Single 
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Single  colledtions  are  fired  on  Hands  3  which  Hands  are 
made  in  the  fame  manner  as  theodolite  Hands,  only 
the  top  part  mufl  be  long  or  Hiort  occafionally :  thefe 
Hands  may  be  fixed  up  very  foon  without  much  trou¬ 
ble.  Having  given  fufficient  inflrudtrons  for  placing 
of  fireworks,  I  fhall  proceed  with  the  manner  of  firing 
them. 


Order  of  Firing. 


r. 

2. 

3- 

4* 

5* 

6. 

7* 

8. 

9* 

10. 

11. 

12. 

*3- 

14. 

IS- 

1 6. 

I7- 

18. 

19. 

20. 

21. 

•22.. 

2n 

6* 

24. 

25- 

26. 

27. 

28. 


1 


I 


Two  fignal 

5X  &>'  L  rockets 

I  wo  honorary  [ 

Four  caduceus  j 

Two  fpiral dhimhiated 

j  [tranfparent  Hats 

A  line  rocket  of  5  changes 
Four  tourbillons 
1  f  horizontal  wheels 


i 

rT 


wo 


i 


air  balloons  illuminated 
Chinefe  fountains 


j  regulating  pieces  of  4  mutations  each 
J  [pots  des  aigrettes 
Three  large  gerbes 
A  flight  of  rockets 

}rp  ;  $  balloon  wheels 

V^°  Icafcades  of  brilliant  fire 
Twelve  iky  rockets 

>  Two  \  ^um^nate^  yew-trees 
S  1  air  balloons  of  ferpents,  and  2  compound 
Four  tourbillons 

T  Two  |  ^ru^°ni  wheels 

1  I  illuminated  globes  with  horizontal  wheels 
One  pot  des  fauciffons 
Two  plural  wheels 

-it 

Matron  battery 

Two  chandeliers  illuminated 

Range  of  pots  des  brins 
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30.  Twelve  fky  rockets 

31.  Two  yew-trees  of  fire 
32  Neft  of  ferpents 

33.  Two  double  cones  illuminated 

34.  Regulating  piece  of  feven  mutations,  viz. 

1.  Vertical  wheel  illuminated 

2.  Golden  glory 

3.  Octagon  vertical  wheel 
4*  Porcupine’s  quills 

5.  Crofs  fires 

6.  Star  piece  with  brilliant  rays 

7.  Six  vertical  wheels 

35.  Brilliant  fun 

36.  Large  flight  of  rockets. 

When  water-works  are  to  be  exhibited,  divide  them 
into  feveral  fets,  and  fire  one  fet  after  every  fifth  or  fixth 
change  pf  land  and  air-works.  Obferve  this  rule  in  firing 
a  double  fet  of  works;  always  to  begin  with  fky-rockets, 
then  two  moveable  pieces;  then  two  fixed  pieces,  and 
fo  on ;  ending  with  a  large  flight  of  rockets,  or  a  marron 
battery  :  if  a  fingle  collection,  fire  a  fixed  piece  after 
every  wheel  or  two,  and  now  and  then  fome  air  and 
water- works. 

Fountain  of  Sky  Rockets. 

Plate  6th,  Fife.  1.  reprefents  a  fountain  of  30  rockets. 
Let  A  be  a  perpendicular  poft,  1 6  feet  high  from  the 
ground,  and  4  inches  fquare.  Let  the  rail,  or  crofs 
piece,  C,  be  1  foot  6  inches  long,  3  inches  broad,  and 
1  thick.  The  rail  D,  at  bottom,  mu  ft  be  6  feet  long, 
1  foot  broad,  and  1  inch  thick.  F,  and  G,  are  the  two 
fades  which  ferve  to  fupply  the  rails  D,  E,  H,  I,  C :  thefe 
ftdes  are  1  foot  broad  at  bottom,  and  cut  in  the  front 
with  a  regular  flope,  to  3  inches  at  top;  but  their  back 
edges  muft  be  parallel  with  the  front  of  the  pots  A.  The 
breadth  of  the  rails  E,  H,  I,  will  be  determined  by  the 
breadth  of  the  fides :  all  the  rails  muft  be  fixed  at  2  feet 

diftance 


FIREWORKS.  i33 

dfftance  from  each  other,  and  at  right  angles  with  the 
pots.  Having  placed  the  rails  thus,  bore  in  the  bottom 
rail  10  holes,  at  equal  distances,  large  enough  to  receive 
the  Hick  of  a  one-pound  rocket;  in  the  back  edge  of  this 
rail  cut  a  groove  from  one  end  to  the  other,  fit  to  con¬ 
tain  a  quick-match ;  then  cut  a  groove  in  the  top  of  the 
rail,  from  the  edge  of  each  hole,  into  the  groove  in  the 
back  :  in  the  fame  manner  cut  in  the  fecond  rail,  E, 
8  holes  and  grooves;  in  the  third  rail,  H,  6  hples  and 
grooves;  in  the  fourth  rail,  I,  4  holes  and  grooves;  and 
in  the  top  rail,  2  holes  and  grooves.  B,  a  rail  with  holes 
in  it  to  guide  the  ends  of  the  rocket  fticks:  this  rail  muft 
be  fixed  6  feet  from  the  rail  D.  The  fountain  frame 
being  thus  made,  prepare  your  rockets  thus:  Tie  round 
the  mouth  of  each  a  piece  of  thin  paper,  large  enough 
to  go  twice  round,  and  to  projedt  about  an  inch  and  f 
from  the  mouth  of  the  rocket,  which  muft  be  rubbed 
with  wet  meal-powder ;  in  the  mouth  of  each  rocket  put 
a  leader,  which  fecure  well  with  the  paper  that  projects 
from  the  mouth  of  the  cafe:  thefe  leaders  muft  be  carried 
into  the  grooves  in  the  back  of  the  rails,  in  which  lay  a 
quick-match  from  one  end  to  the  other,  and  cover  it  with 
pafted  paper :  holes  muft  be  made  in  the  rail  D,  to  receive 
the  ends  of  the  fticks  of  the  rockets,  in  the  rail  E,  and.  ih 
on  to  the  fourtja  rail;  fo  that  the  fticks  of  the  rockets  at 
top  will  go  through  all  the  rails.  The  rockets  being  fo 
prepared,  fix  a  gkrbe,  or  white  flower  pot,  on  each  rail, 
before  the  poft,  with  their  mouths  inclining  a  little  for¬ 
wards:  thefe  gerbes  muft  be  lighted  all  at  once.  Behind 
or  before  each  gerbe,  fix  a  cafe  of  brilliant  or  flow  fire: 
thefe  cafes  muft  be  filled  fo  that  they  may  burn  out  one 
after  the  other,  to  regulate  the  fountain,  which  may  be 
done  by  carrying  a  leader,  from  the  end  of  each  How  or 
brilliant  fire,  into  the  groove  in  the  back  of  each  rail. 
Different  fized  rockets  may  be  ufed  in  thefe  fountains; 
but  it  will  be  beft  t©  fill  the  heads  of  the  rockets  on  each 
jail  with  different  forts  of  things,  in  this  manner;  thofe 
at  top  with  crackers,  the  next  with  rains,  the  third  with 
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ferpents,  the  fourth  with  tailed  ftars,  and  the  lafl  flight 
with  common  or  brilliant  flairs. 

Pal  m-  T  ree. 

This  piece,  though  made  of  common  fires,  and  of  a 
Ample  conitrudion,  has  a  very  pleafing  efFedt ;  owing 
to  the  fires  interfecling  fo  oft,  that  they  referable  the  bran¬ 
ches  of  trees.  Fig.  2d.  Let  A  be  a  perpendicular  port, 
of  any  thickneft,  fo  that  it  i sufficiently  flrong  to  hold 
the  cafes:  let  the  diftance  from  B  to  C  be  2  feet  6  inches, 
and  from  C  to  D  2  feet  6  inches;  and  let  the  lengtfi  of 
each  crofs  piece  be  2  feet,  on  each  end  of  each  fife  a  five- 
pointed  flat  ;  then  fix  on  pegs  made  on  purpofe,  12  inch 
half-pound  cafes  of  brilliant  fire,  as  in  the  figure.  All  the 
cafes  and  ftars  rauft  be  fired  at  once.  This  piece  fliould 
be  fixed  high  from  the  ground. 

Illuminated  Pyramid,  with  Archimedian 
Screws,  a  Globe  and  Vertical  Sun, 

May  be  made  of  any  fize  :  one  made  according  to  the 
dlmenfions  of  Fig.  3d,  will  be  a  good  proportion,  whofe 
height  is  21  feet;  from  C  to  D,  6  feet;  from  E  to  F,  9  feet: 
the  fpa£e  between  the  rails  muft  be  6  inches,  and  the 
rails  as  thin  as  poflible  :  in  all  the  rails  flick  port-fires  at 
4  inchfcs  diflance.  The  Archimedian  ferews,  G,  K,  are 
nothing  more  than  double  lpiral  wheels,  with  the  cafes 
placed  on  their  wheels  horizontally,  inftead  of  obliquely. 
The  vertical  fun,  I,  need  not  confift  of  more  than  12  rays, 
to  form  a  fingle  glory.  The  globe  at  top  muft  be  made 
in  proportion  to  the  pyramid,  which  being  prepared  ac¬ 
cording  to  the  preceding  directions,  place  your  leaders  fo 
that  all  the  illuminating  port-fires,  ferews,  globe,  and 
fun,  may  take  fire  together.  The  pyramid  muft  be  fup- 
ported  by  the  2  fides,  and  by  a  fupport  brought  from  a 
pole,  which  muft  be  placed  2  feet  from  the  back  of  the 
pyramid,  that  the  wheels  m§y  run  free, 
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Rofe-Piece  and  Sun. 

A  rofe-piece  may  be  ufed  for  a  mutation  of  a  regulated 
piece  or  fired  by  itfelf:  it  makes  the  beft  appearance 
when  made  larste ;  if  its  exterior  diameter  be  6  feet,  it 
will  be  a  <mod  fee.  Fig.  4-  ftews  the  manner  lC  appears 
in  before" it  is  fired.  Let  the  exterior  fell  be  made  of 
wood,  and  fupported  by  4  wooden  fpokes :  all  the  othei 
parts,  on  which  the  illuminations  are  fixed,  muft  be  made 
of  ftrong  iron  wire  :  on  the  exterior  fell  place  as  many 
•|lb.  cafes  of  brilliant  charge  as  you  think  proper,  but  the 
more  the  better  1  for  tne  nearer  the  cafes  aie  placed,  thv. 
ftronger  will  be  the  rays  of  tne  lun  1  the  illuminations 
fhould  be  placed  within  3  inches  of  each  other;  they 
muft  be  all  fired  together,  and  burn  fome  time  before  the 
fun  is  lighted ;  which  may  be  done  by  carrying  a  leader 
from  the  middle  of  one  of  the  illuminations*  to  the  mouth 
of  one  of  the  iun  cafes. 


Tranfparent  Stars  with  Illuminated  Rays. 

Plate  7,  Fig.  5th,  reprefents  an  illuminated  ftar.  Let 
the  diameter  from  A  to  B  be  2  feet,  and  from  C  to  D, 
7  feet.  Find  make  a  ftrong  circular  back  or  body  pt  the 
ftar  2  feet  diameter,  to  which  you  fix  the  illuminated 
rays  -  in  the  centre  of  the  front  of  the  body  fix  a  fpindle, 
on  which  put  a  double  triangular  wheel,  6  inches  diame¬ 
ter  clothed  with  2  ounce  cafes  of  brilliant  charge  ;  the 
cafes  on  this  wheel  muft  burn  but  1  at  time.  Round  the 
edee  of  the  body  nail  a  hoop  made  of  thin  wood  or  tin  : 
this  hoop  muft  proved  in  front  6  or  7  inches :  m  this 
hoop  cut  3  or  4  holes  to  let  out  the  fmoke  from  the 
wheel.  The  ftar  and  gaiter  may  be  cut  out  of  ftrong 
pafte-board,  or  tin,  made  in  this  manner  :  Cut  a  round 
piece  of  pafteboard,  or  tin,  2  feet  diameter,  on  which 
draw  a  ftar,  and  cut  it  out  5  then  over  the  vacancy 
pafte  Perfian  filk  •,  paint  the  letters  yellow  ;  4  of  the  rays 
yellow,  and  4  red  >  the  cuofs  in  the  middle  may  be  painted 

half  red,  and  half  fellow,  or  yellow  and  blue.  I  his 
**  ?  £4  tranfparent 
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tranfparent  flar  mufl  be  faflened  to  the  wooden  hoop  by 
a  fcrew,  to  take  off  and  on  ;  the  illuminated  rays  are 
made  of  thin  wood,  with  tin  fockets  fixed  on  their  lides 
within  4  inches  of  each  other ;  in  thefe  fockets  Hick  illu¬ 
minating  port-fires ;  behind  the  point  of  each  ray  fix  a 
hjafepoupd  cafe  of  grey,  black,  or  Chinefe  fire. 

N.  B.  The  illuminated  rays  to  be  lighted  at  the  fame 
time  as  the  triangular  wheel,  or  after  it  is  burnt  out ; 
which  may  be  done  by  a  tin  barrel  being  fixed  to  the 
wheel,  after  the  manner  of  thole  in  the  regulated  pieces. 
Into  this  barrel  carry  a  leader  from  the  illuminated  rays, 
through  the  back  of  the  flar  ;  which  leader  muff  be  met 
by  another,  brought  from  the  tail  of  the  lafl  cafe  on  the 
wheek 

Tranfparent  Table  Star  illuminated. 

Fig,  6th  reprefents  a  table  ffar,  whofe  diameter,  from 
P  to  F,  is  12  feet;  and  from  h  to  I,  4.  This  propor¬ 
tion,  obferved  on  each  fide,  will  make  the  centre  frame 
4  feet  fquare  :  in  this  fquare  fix'  a  tranfparent  liar,  as  in  the 
figure.  This  ffar  may  be  painted  blue,  and  its  rays  made 
as  thofe  of  the  flaming  liars  defcribed  in  page  1 1 3.  The 
wheel  for  this  liar  may  be  compofed  of  different  coloured 
fires,  with  a  change  or  2  of  flow  fire  :  the  wheels  a,  a,  a,  a, 
may  be  clothed  with  any  number  of  cafes,  fo  that  the 
flar  wheel  confiils  of  the  fame  :  the  illuminating  port¬ 
fires,  which  mufl  be  placed  very  near  each  other  on  the 
frames,  mufl  be  fo  managed  as  to  burn  as  long  as  the 
wheels,  and  lighted  at  the  time. 

The  Regulated  Illuminated  Spiral!  Piece, 
with  a  proje&ed  Star  Wheel  illuminated. 

This  piece  is  rep  relented  by  Fig.  7.  and  is  thus  made. 
Have  a  block  made  8  inches  diameter  ;  in  this  block 
fcrew  6  iron  fpokes,  which  fnufl  ferve  for  fpindles  for  the 
fpiral  wheels :  thefe  wheels  are*made  as  ufual,  each  1  foot 
•  ,•  6  diameter, 
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6  diameter,  and  3  feet  in  height  ;  the  fpindles  muft  be  long 
enough  to  keep  the  wheels  4  or  5  inches  from  one  ano¬ 
ther:  at  the  end  of  each  fpindle  muft  be  a  fcrew  nut, 
on  which  the  wheels  that  hang  downwards  v/ill  run;  and 
on  the  fpindles  which  ftand  upwards  muft  be  a  flioulder, 
for  the  blocks  of  the  wheels  to  run  on. 

The  projected  ftar-wheel  muft  turn  on  the  fame  fpindle 
on  which  the  large  block  is  fixed:  this  fpindle  muft  be 
long  enough  to  allow  the  ftar-wheel  to  projed:  a  little 
before  the  fpiral  wheels;  the  exterior  diameter  of  the  ftar- 
wheel  muft  be  3  feet  5.  On  this  wheel  fix  3  circles  of 
iron  wire,  and  on  them  port-fires ;  on  the  block  place  a 
tranfparent  ftar,  or  a  large  ^-pointed  brilliant  ftar,  The 
cafes  on  this  wheel  may  burn  4  at  once,  as  it  will  con¬ 
tain  near  twice  the  number  of  one  of  the  fpiral  wheels: 
the  cales  on  the  fpiral  wheels  muft  be  placed  parallel  to 
their  fells,  and  burn  2  at  a  time. 

A  New  Figure-Piece  illuminated  with 

Five-Pointed  Stars. 

The  conftrucEhon  of  this  piece  is  very  eafy,  as  fliewn  by 
Fig.  8,  whofe  diameter  from  B  to  C  is  8  feet,  and  from 
D  toE  2  feet:  the  vertical  wheel  in  the  centre  muft  be 
1  foot  diameter,  and  confift  of  6  four-ounce  cafes  of  difr 
ferent  coloured^  charge,  which  cafes  muft  burn  double: 
on  the  frames  fix  3 -pointed  brilljant  or  blue  ftars,  ram¬ 
med  4  inches  with  competition :  let  the  fpace  between 
each  ftar  be  8  inches;  at  each  point  fix  a  gerbe,  or  cafe 
of  Cninefe  fire.  When  to  be  fired,  let  the  gprbes,  ftars, 
and  wheel,  be  lighted  at  the  fame  time. 

The  Star-Wheel  Illuminated. 

This  beautiful  new- invented  piece  is  fhewn  in  Plate  8, 
Fig.  9*  lts  exterior  fell  is  made  of  wood,  3  feet  6,  or  4  feel; 
diameter:  within  this  fell,  form  with  iron  wire  3  circles, 
pne  lefs  than  the  other,  fo  tfiat  the  diameter  pf  the  lea  it 

may 
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may  be  about  i  o  inches :  place  the  port-fires  on  thefb 
fells  with  their  mouths  inclining  outwards,  and  the  port¬ 
fires  on  the  points  of  the  ftar  with  their  mouths  projecting 
in  front:  let  the  exterior  fell  be  clothed  with  4-ounce  cafes 
of  grey  charge:  thefe  cafes  mu  ft  burn  4  at  a  time,  and 
be  lighted  at  the  fame  time  as  the  illuminations. 

Pyramid  of  Flower-Pots. 

Fig.  10.  represents  this  curious  piece,,  which  mull  be 
made  thus.  Let  the  diftance  from  A  to  R  be  6  feet,  and 
from  one  rail  to  the  other  2:  on  the  bottom  rail  fix  5  pa¬ 
per  mortars,  each  3  J  inches  diameter ;  thefe  mortars  load 
with  ferpents,  crackers,  fiars,  &c. 

In  the  centre  of  each  mortar  fix  a  cafe  of  fptir-fire: «  on 
the  fecond  rail  6x4  mortars,  fo  as  to  Hand  exactly  in  the 
middle  of  the  intervals  of  them  on  the  bottom  rail  ;  on  the 
third  rail  place  3  mortars-,  on  the  fourth,  2;  and  on  the 
top  of  the  polls,  1 :  the  bottom  rail  mull  be  6  feet  long : 
all  the  mortars  mult  incline  a  little  forwards,  that  they 
may  eafily  difcharge  ;  and  the  fpur-fires  rammed  exactly 
alike,  that  the  mortars  may  all  be  fired  at  the  fame  time. 
Having  prepared  your  pyramid  according  to  the  prece¬ 
ding  directions,  carry  pipes  of  communication  from  one 
fpur-fire  to  the  other. 

The  illuminated  Regulating  Piece. 

Fig.  t  x.  reprefents  one  half  of  this  piece.  A,  A,  A,  Af 
are  fiat  wooden  fpokes,  each  5  feet  long;  and  at  the  end 
of  each  place,  a  vertical  wheel,  10  inches  diameter,  clothed 
with  6  4*011  nee  cafes  of  brilliant  fire:  thefe  cafes  mult  burn 
but  x  at  a  time :  on  2  of  the  fpokes  of  each  wheel  place 
2  port-fires,  which  mult  be  lighted  with  the  firlt  cafe  of 
the  wheel ;  on  each  fpoke  A,  A,  &c.  behind  the  wheels, 
place  6  cafes  of  the  fame  fize  as  them  on  the  wheels ; 
thefe  cafes  muff  be  tied  acrofs  the  fpokes  with  their 
mouths  all  one  way,  and  be  made  to  take  fire  fucceffively 
one  after  the  other,  fo  that  they  may  affift  the  whole  pieces 
to  turn  round. 
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The  diameter  of  the  wheel  R  mult  be  2  feet  6,  and 
its  fell  made  of  wood,  which  mud:  be  fixed  to  the  large 
fpokes:  on  this  wheel  place  24  cafes  of  the  fame  fort  as 
them  on  the  fmall  wheels;  thefe  cafes  mu  ft  burn  4  at  a 
time :  in  this  wheel  make  3  circles  with  iron  wire,  and 
on  them  place  illuminating  port-fires,  as  in  the  figure  ; 
the  ftar  points  on  the  large  fpokes  may  be  made  of 
thin  afh- hoops;  the  diameter  of  thefe  points  clofe  to  the 
centre  wheel  mull  be  1 1  inches  :  on  thefe  points  place 
port-fires,  at  3  §  inches  diflance  one  from  the  other. 

Fig.  12.  reprefents  the  blocks  of  this  piece.  The  dia¬ 
meters  of  thefe  blocks,  at  A  and  B,  muff  be  8  inches; 
and  C  and  D5  4  §  inches  :  the  length  of  each  of  thefe  blocks 
mud:  be  6  inches:  at  the  fmall  ends  of  thefe  blocks  fix 
an  iron  wheel  5  inches  diameter,  which  wheels  muff  have 
teeth,  to  turn  the  wheel  E:  this  wheel  is  fixed  on  a  fmall 
fpindle  fere  wed  into  the  large  fpindle,  which  goes  through 
the  two  blocks,  and  on  which  they  run, 

Suppofing  Fig.  11.  to  be  on  the  block  A,  in  Fig.  i2, 
and  to  turn  to  the  right,  and  another  piece  of  the  fame 
conftrudion  on  the  block  B,  with  its  fires  placed  fo  as  to 
turn  it  to  the  left  ;  you  will  find  them  move  very  true 
and  faft,  by  theAielp  of  the  3  iron  wheels,  which  ferve 
to  regulate  their  motions,  as  well  as  to  affid:  them  in  turn¬ 
ing:  let  the  iron  circles  in  the  front  of  the  great  wheels 
be  of  different  diameters,  fo  that  when  fired  there  may 
appear  6  circles.  When  this  piece  is  fired,  all  the  wheels 
and  illuminations  mud:  be  lighted  at  one  time. 

To  fix  a  Sky-Rocket  with  its  Sf;ick  on  the 

Top  of  another. 

Rockets  thus  managed  make  a  pretty  appearance,  by 
reafon  of  a  frefli  tail  being  feen  when  the  fecond  rocket 
takes  fire,  which  will  mount  to  agreat  height.  The  method 
of  preparing  thefe  rockets  is  thus:  Having  filled  a  two- 
pounder,  which  mud:  be  filled  only  half  a  diameter  above 
the  piercer*  anci  in  its  head  nof  more  than  10  or  12  flats ; 

the 
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the  flick  of  this  rocket  mu  ft  be  made  a  little  thicker 
than  common,  and  when  made,  cut  it  in  half  the  flat 
way,  and  in  each  half  make  a  groove,  fo  that,  when  the 
2  halves  are  joined,  the  hollow  made  by  the  grooves 
may  be  large  enough  to  hold  the  flick  of  a  half-pound 
rocket;  which  rocket  make  and  head  as  ufual;  the  flick 
of  this  rocket  put  into  the  hollow  of  the  large  one,  fo  far 
that  the  mouth  of  the  rocket  may  refl  on  the  head  of  the 
two-pounder ;  from  whofe  head  carry  a  leader  into  the 
mouth  of  the  fmall  rocket ;  which  being  done,  your  rock¬ 
ets  will  be  ready  for  firing. 

*  ■< 

A  New  Method  of  Placing  Leaders. 

The  placing  leaders  on  fmall  cafes,  or  illuminations, 
is  a  much  quicker,  flronger,  and  more  expeditious  way 
than  that  of  ufing  pins  ;  which  method  has  been  pradifed 
till  lately.  Your  port-fires  being  filled  within  about  3  8ths 
of  an  inch  of  the  top,  bore  with  an  awl  a  hole  thro’  each 
fide  of  the  cafe,  clofe  to  the  compofition ;  then  fill  the 
mouths  of  the  cafes  with  meal  powder  wetted  with  fpirit 
of  wine:  when  you  have  thus  prepared  your  cafes,  fix 
them  on  your  works ;  then  take  an  empty  leader,  and 
lay  it  on  the  mouths  of  as  many  cafes  as  it  will  reach  ; 
then,  with  your  finger  nail,  mark  the  leader  exadly  in 
the  middle  of  the  mouth  of  each  cafe  ;  then  at  each  mark, 
with  a  pair  of  fciffars,  cut  a  bit  out  of  the  pipe,  fo  that’ 
when  you  put  in  the  quick-match,  it  may  be  feen.  This 
done,  lay  the  leader  on  the  cafes  again,  with  that  fide  on 
which  the  match  is  feen  downwards;  then  take  fome 
fmall  twine,  and  put  it  through  the  holes  in  the  mouths 
of  the  cafes,  and  tie  on  the  leader:  do  this  to  every  cafe, 
and  cover  them  with  fingle  pafled  paper.  By  making  ufe 
of  this  method  your  works  may  be  made  very  clean,  there 
being  no  occafion  to  put  dry  meal  powder  in  the  mouths 
of  the  cafes,  which  always  foils  the  works,  and  prevents 
the  pafte  bom  flicking. 

Here 
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Here  I  have  taught  the  method  of  rolling,  pinching* 
and  filling  all  forts  of  cafes;  the  manner  of  pulverizing, 
mixing,  and  preparing,  all  compofitions  ufed  in  artificial 
fire-works;  alfo  the  method  of  placing  leaders,  clothing 
wheels,  fixed  pieces,  &c.  in  fo  plain  a  manner,  that  all 
fiie-works  may  be  made  without  any  further  inftrudtions*. 
A  variety  of  pyrotechnical  reprefentations  only  depends 
on  the  genius  of  the  maker,  by  fixing  different  cafes  and 
fires  on  works  of  various  forms,  of  which  there  are  many 
more. 

Rut  as  thofe  I  have  given  are  the  principal,  I  fhall  con¬ 
clude  with  Mr.  Muller’s  Laboratory  and  a  few  of  his 

Mines;  which  are  all  that  was  wanting  to  complete  this 
work. 


Mr.  MULLER  on  Laboratory  Works. 


MY  defign  is  not  to  give  here  any  more  than  what 
is  juft  neceffary  'for  the  young  Artillerift  to  know 
in  the  courfe  of  his  duty,  referring  that  part  which  re¬ 
gards  the  Fire-works  made  for  Rejoicing  to  the  excellent 
Treatife  on  Artificial  Fireworks,  wrote  by  Robert  Jones9 
who  gives  all  that  can  be  faid  on  that  fubjedfc,  and  has 
himfelf  pradtifed  every  part  of  it. 

Grapefhot. 

The  number  of  fhot  in  a  grape  varies  according  to  the 
fervice  or  fize  of  the  guns  :  in  fea-fervice  9  is  always  the 
number;  but  by  land  it  is  increafed  to  any  number  or 
fize ;  from  an  ounce  and  a  quarter  in  weight,  to  3  or  4 
pounds.  It  has  not  been  determined,  what  number  or 
fize  anfwers  beft  in  practice;  which  I  think  fnould  be 
tried  :  for  it  is  well  known,  that  they  oft  fcatter  fo  much, 
that  only  a  fmall  number  take  place.  It  would  not  be 
a  ufelefs  experiment,  to  try  at  what  diftance  they  would 
do  moft  execution,  and  what  is  the  beft  charge  of  pow¬ 
der.  In  fea-fervice,  the  bottoms  and  pins  are  made  of 
iron,  whereas  thofe  ufed  by  land  are  of  wood:  for 
what  reafon  this  diftinflion  is  made,  I  cannot  tell,  unlefs 
that  thefe  iron  bottoms  are  fuppofed  to  deftroy  the  rig¬ 
gings  of  fhips  more  than  the  wooden. 

To  make  grape-fhot,  a  bag  of  coarfe  cloth  is  made  juft 
to  hold  the  bottom  which  is  put  into  it  ;  then  as  many 
fhot  as  the  grape  is  to  contain ;  and  with  a  ftrong  pack¬ 
thread  they  are  quilted  to  keep  the  fhot  from  moving, 
and  when  they  are  finifhed  are  put  into  boxes  for  carriage. 
When  the  fhot  are  fmall,  they  are  put  into  tin  boxds  that 
fit  the  bore  of  the  gun.  Leaden  bullets  are  likewise  ufed 

in 
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in  the  fame  manner.  It  mud  be  obferved,  that  whatever 
number  or  fees  of  the  fhots  are  feed,  they  mu  ft  weigh 
with  their  bottoms  and  pins  nearly  as  much  as  the  feat 
©f  the  piece. 

Cartridges. 

The  loading  and  firing  guns  with  cartridges  is  done 
muchfooner,  and  lefs  liable  to  accidents,  than  withloofe 
powder.  They  are  made  of  various  fubftances,  fuch  as 
paper,  flannel,  parchment,  and  bladders.  When  they  are 
made  of  paper,  the  bottoms  remain  in  the  piece,  and  ac¬ 
cumulate  fo  much,  that  the  priming  cannot  reach  the 
powder;  and  therefore  they  mil  ft  be  drawn  from  time  to 
time,  which  retards  the  fervice.  They  have  another  in- 
conveniency,  which  is,  they  retain  the  fire ;  and,  if  par¬ 
ticular  care  is  not  taken  in  fpunging  the  piece,  they  will 
fet  fire  to  the  next  cartridge,  and  the  gunner  that  puts  it 
into  the  piece  will  be  in  danger  of  loftng  a  hand  or  arm. 
as  has  fometimes  happened.  When  they  are  made  of 
parchment  or  bladders,  the  fire  fhrivels  them  up,  wherebv 
they  enter  into  the  vent,  and  become  fo  hard,  that  the 
priming  iron  cannot  remove  them  fo  as  to  clear  the  vent. 
Nothing  has  been  found  hitherto  to  anfwer  better  than 
flannel,  and  is  the  only  thing  ufed  at  prefent,  becaufe  it 
does  not  keep  fire,  and  therefore  not  liable  to  accidents  in 
the  loading;  but  as  the  duft  of  powder  pafles  through, 
them,  a  parchment  cap  is  made  to  cover  them,  which  is 
taken  off  before  this  is  put  into  the  piece. 

The  belt  way  of  making  flannel  cartridges  is,  in  my 
opinion,  to  boil  the  flannel  in  fize;  this  wilt  prevent  the 
duft  of  the  powder  from  palling  through  them,  and  ren¬ 
ders  them  fluff  and  more  manageable;  for  without  this 
precaution  they  are  fo  pliable,  that  when  they  are  large, 
and  contain  much  powder,  they  are  very  inconvenient  in 
putting  them  into  the  piece.  The  Saxon,  who  introduced 
our  prefent  light  field  pieces,  had  a  particular  method  of 
preparing  cartridges,  which  was  fuch,  that  when  laid  info 
the  fire  they  would  not  burn;  and  yet,  bv  dipoino  them 

into 
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into  water  before  they  were  put  into  the  piece,  would 
take  fire  as  quick  as  powder ;  but  how  he  did  it*  nobody 
could  tell ;  for  he  would  not  part  with  his  fecrct. 

In  quick  firing  the  foot  is  fixed  to  the  cartridge  by  means 
of  a  wooden  bottom,  hollowed  on  one  fide  fo  as  to  re¬ 
ceive  nearly  half  the  foot,  which  is  fattened  to  it  by  two 
fmall  flips  of  tin  eroding  over  the  foot,  and  nailed  to  the 
bottom;  and  the  cartridge  is  tied  to  the  other  end  of  this 
bottom*  They  are  fixed  like  wife  in  the  fame  manner  to 
the  bottoms  of  the  grapefhot,  which  are  ufed  in  field 
pieces* 

Portfires* 

Portfires  are  ufed  fometimes  inttead  of  matches,  to  fet 
fire  to  powder  or  compofitions ;  and  are  dittinguifoed  into 
wet  and  dry;  The  compofition  of  wet  portfires  is,  fait- 
petre  4,  fulphur  r,  and  mealed  powder  4  \  when  the  com- 
pofition  is  well  mixed  and  fieved,  it  is  to  be  moittened 
with  a  little  linfeed  oil,  and  well  rubbed  with  the  hands 
till  all  the  oil  is  well  mixed  with  the  compofition.  The 
compofition  of  dry  portfire  is,  faltpetre  4,  fulphur  1,  mealed 
powder  2,  and  antimony  1.  Thefe  compofitions  are  drove 
into  fmall  paper  cafes,  and  fo  kept  till  ufed* 


Is  made  with  three  cotton  ttrands  drawn  into  length, 
and  put  into  a  kettle  covered  with  white  wine  vinegar, 
and  a  quantity  of  faltpetre  and  mealed  powder,  and  boiled 
till  well  mixed.  Others  put  only  faltpetre  into  the  wa¬ 
ter.  After  that,  it  is  taken  out  hot,  and  laid  in  a  trough 
where  fome  mealed  powder,  moittened  with  fpirits  of 
wine,  is  thoroughly  wrought  into  the  cotton,  by  rolling 
it  backwards  and  forwards  with  the  hands:  when  this  is 
done,  they  are  taken  out  feparately,  and  drawm  through 
mealed  powder,  then  hung  upon  a  line  till  dry. 


T  ubes 
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Tubes  ufed  in  quick  Firing. 

Thefe  tubes  are  here  made  of  tin:  their  diameter  is 
two  tenths  of  an  inch,  to  enter  into  the  vent  of  the  piece; 
about  5  or  6  inches  long,  with  a  cap  above,  and  cut 
flan-ting  below,  in  the  form  of  a  pen ;  and  the  point  is 
flrengthened  with  fome  folder,  that  it  may  pierce  the  car* 
tndge.  .  Through  this  tube  is  drawn  a  quickmatch,  and 
the  cap  is  filled  with  mealed  powder  moiflened  with  fpfrrt 
of  wine.  To  prevent  the  mealed  powder  from  falling  out 
by  carriage,  a  cap  of  paper  is  tied  over  it,  which  is  taken 
off  when  ufed.;  but  latterly  this  cap  is  made  of  flannel 
fteeped  in  fpirits  of  wine,  with  faltpetre  diflolved  in  it ; 
there  is  no  occafion  to  take  it  off,  fince  it  takes  fire  as 
quick  as  loofe  powder. 

An  objection  is  made,  again#  thefe  tubes,  which  is, 
that  the  tin  is  apt  to  fpoil  the  quickmatch  when  they  are 
kept  for  fome  time*,  and  it  is  imagined,  that  fait  water 
would  foon  corrode  them,  therefore  not  proper  to  be 
tued  on  board  of  fhips ;  this  however  has  not  been  tried. 
The  French  ufe  a  fmall  reed,  to  which  is  fixed  a  wooden 
cap  about  two  inches  long,  filled  with  mealed  powder 
moiflened  with  fpirit  of  wine:  a  fmall  hole  is  made  through 
them  the  fize  of  a  needle,  through  which  the  fire  darts 
with  great  violence,  and  gives  fire  to  the  cartridge,  which 
mull  be  pierced  with  the  priming  iron.  1  hefe  tubes  may 
be  kept  a  great  while  without  being  fpoiled;  but  the 
piercing  the  cartridge  retards  the  quicknefs  of  firing. 
Fhe  fore  mentioned  Saxon  made  lus  ot  copper,  tapering 
towards  the  end,  fo  as  to  enter  the  vent  about  half  an 
inch,  which  is  made  fo  far  in  the  fame  form,  and  the  reft 

ey  are  filled  in  the  fame  mariner  as  the 
French,  and  when  fired,  the  flame  darted  through  the 
car  triage  without  being  pierced. 
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Fuzes  for  Shells  and  Hand-Grenades. 

♦ 

The  compofition  for  fuzes  isfaltpetre  3,  fulphur  1,  and 
mealed  powder  3,  4,  and  fometimes  £,  according  as  re¬ 
quired  to  burn  quicker.  Fuzes  are  chiefly  made  of 
very  dry  beech  wood,  and  fometimes  of  hornbeam  taken 
Hear  the  root;  the  upper  part  of  that  wood  fplits  very 
eafily.  They  are  turned  rough,  and  bored  at  firfl,  and 
then  kept  for  feveral  years  in  a  dry  place :  the  diameter 
of  the  hole  is  about  a  quarter  of  an  inch,  a  little  more  or 
lefs  is  of  no  confequence ;  the  hole  does  not  go  quite 
through,  leaving  about  a  quarter  of  an  inch  at  the  bottom  ; 
and  the  head  is  made  hollow  in  the  form  of  a  bowl.  The 
compofition  is  drove  in  with  an  iron  driver,  whofe  ends 
are  capped  with  copper  to  prevent  the  compofition  from 
taking  fire;  and  equally  hard  as  poflible;  thelaftfhovel-full 
being  all  mealed  powder,  and  two  ftrands  of  quickmatch 
laid  acrofs  each  other  being  drove  in  with  it,  the  ends  of 
which  are  folded  up  into  the  bowl,  and  a  cap  of  parch¬ 
ment  tied  over  it  till  ufed.  Obferve,  that,  when  fhells 
are  to  be  thrown  at  a  fmall  diflance,  the  compofition 
fhould  be  made  quicker  than  when  they  are  to  be  thrown 
at  a  greater  ;  for,  by  cutting  them  fo  as  to  burn  but  a 
fhort  time,  they  might  not  be  long  enough  to  be  well 
fixed  into  the  fhell,  by  which  the  blaA  of  the  powder  in 
the  chamber  would  blow  them  out,  without  the  fhell 
being  able  to  burft  It  mud  likewife  be  obferved,  that 
the  cufcom  of  fixing  the  fhells  at  home  is  very  bad, 
fince  it  is  not  known  how  long  they  fhould  burn;  and  if 
they  do  not  burft  as  foon  as  they  fall,  the  execution  is  but 
trifling.  Another  difadvantage  attends  this  practice  ; 
when  they  are  carried  into  a  hot  climate  the  wood  fhrinks, 
though  ever  fo  dry  before;  and  the  fuzes  loofen  fo  much, 
that  they  fall  out  in  the  flight  of  the  fhell  before  it  falls  to 
the  ground. 

When  the  fuzes  are  to  be  drove,  the  lower  end  is  cut 
off  in  a  flope,  fo  as  the  compofition  may  give  fire  to  the 
powder;  and  they  muft  have  fuch  a  length,  as  to  burft 
nearly  as  foon  as  the  fhell  touches  the  ground.  When 

the 
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the  didance  of  the  battery  from  the  object  is  known,  the 
time  of  the  (bell's  flight  may  be  computed  nearly;  which 
being  know));,  the  fuze  may  be  cut  accordingly,  by  burn¬ 
ing  2  or  3,  and  making  life  of  a  watch,  or  a  firing  by 
way  of  a  pendulum. 

Before  fhells  are  loaded,  they  muff  be  well  fearched 
within  and  without  by  means  of  a  copper  grater,  to  fee 
it  there  are  no  holes  or  cavities  in  them;  after  that  put 
them  into  a  tub  of  water,  to  cover  them,  with  an  empty 
fuze  drove  into  them  •,  and  the  mouth  of  a  bellows,  being 
introduced  into  the  fuze,  and  worked,  will  caufe  bub- 
hies  in  the  water,  if  there  are  any  holes  in  the  (hell;  but 
if  no  bubbles  appear,  it  is  a  fign  the  fliell  is  found  and 
fit  for  fervice. 

When  loaded,  care  muft  be  taken  that  they  are  very 
dry  within;  and  if  the  fpike  which  fupports  the  corp 
when  they  are  cafl,  and  which  remains  in  them,  is  not 
beat  down,  it  mull  be  done  then,  otherwife  it  would  fplit 
the  fuze.  Then  the  powder  is  put  into  it  with  a  funnel, 
and  not  quite  filled,  that  the  fuze  may  have  room  to  enter* 
which  fuze  is  prefled  in  at  firft  by  the  hand  as  far  as  ir 
will  go,  and  then  drove  with  a  mallet  as  hard  as  poflible, 
taking  care  not  to  fplit  it;  for  if  the  lead  crack  was  in  it* 
the  compofition  would  give  lire  to  the  powder,  and  the 
fhell  burd  either  in  the  mortar  or  the  air,  and  do  no  exe¬ 
cution. 

It  is  a  query  how  much  powder  is  to  be  put  into  a  fhell, 
fo  as  to  make  it  burfl  in  mod  pieces,  'it  is  agreed  by 
mod  officers  that  they  fiiould  not  be  quite  filled  ;  one 
that  has  taken  mod  pains  to  find  it  out,  is  of  opinion  that 
they  fiiould  be  filled  witmn  one  third  part  of  what  they 
can  hold.  1 

Lieutenant  Pirle,  a  very  ingenious  mechanic,  lofl  in 
the  Dodington Tome  years  ago  going  to  the  EadTndies, 
had  found  out  a  method,  fo  that  as  icon  as  the  fhell 
touched  tne  ground  it  burfled ;  but  being  too  moded  a 
man,  had  not  the  aflu ranee  to  propofe  it  to  the  mafler 
general  of  the  oidnance,  whereby  the  world  was  deprived 
of  a  mod  ufcful  invention. 


If 
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If  the  fuzes  are  to  be  kept  for  fome  time  after  they  are 
drove  the  top  mu  ft  be  covered  with  a  mixture  of  pitch 
2,  rofin  i,  and  bees  wax  3,  whereby  no  air  can  come  to 
the  compofition  P  and  it  will  keep  as  long  as  you  pleafe. 

Carcaffes.. 

•\  ..  ,  .  .  .  ■■■  t 

None  but  round  carcaffes  are  ufed  at  prefent,  the  flight 
of  the  oblong  are  fo  uncertain,  that  they  are  quite  laid 
afide.  The  compolition  is  pitch  2,  faltpetre  4,  fulphur  1, 
and  corned  powder  3.  When  the  pitch  is  melted,  the 
pot  is  taken  off,  and  the  ingredients  well  mixed  put  in; 
then  the  carcafs  is  filled  with  as  much  as  can  be  preffed  in. 

Light  Balls  to  difcover  the  Enemy’s 

Works. 

There  are  various  forts  defcribed.  Some  made  of  tow 
dipped  into  a  compofition  of  fulphur,  pitch,  rofin,  and 
turpentine;  and  worked  up  into  a  ball.  Others  take  a 
ball  of  ftone  or  iron,  which  is  covered  with  feveral  coats 
of  compofition,  much  like  that  before  mentioned,  till  of 
a  proper  fize ;  the  laft  coat  is  to  be  of  grained  powder. 
But  the  bed;  fort,  in  my  opinion,  is  to  make  a  {hell  of 
paper  the  fize  of  the  mortar,  and  to  fill  it  with  a  com¬ 
pofition  of  an  equal  quantity  of  fulphur,  pitch,  rofin, 
and  mealed  powder;  which  being  well  mixed,  and  put 
in  warm,  \yill  give  a  clear  fire,  and  burn  a  confiderable 
time. 

There  are  many  more  things  ufed  in  the  defence  of  a 
breach ;  fuch  as  facks  filled  witffjpowder,  bottles,  bar¬ 
rels,  &c,  but  as  the  chief  intent  offall  thefe  is  to  fet  fire, 
and  blow  up  the  afiailants,  and  which  every  military  gen¬ 
tleman  may  eafily  execute,  wre  fhall  fay  no  more  here 
about  them ;  our  defign  being  to  inftrudt  the  young  artil¬ 
lerist  in  the  effential  parts  of  hisbufinefs;  and  to  make 
him  naafter  of  thefe  matters,  he  muft  work  in  the  labora- 
t0Iy  ;  for  pra&icefis  the  bett  matter. 


Firefhip, 
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FirelQiip,  how  to  prepare  it. 

From  the  bulk-head  at  the  forecaftle  to  a  bulkhead  to 
be  raifed  behind  the  main  chains,  on  each  fide  and  acrofs 
the  fhip  at  the  bulkheads,  is  fixed,  clofe  to  the  fhip  fides, 
a  double  row  of  troughs,  2  feet  difiance  from  each  other, 
withcrofs  troughs  quite  round,  at  about  2  f  feet  diftance  ,- 
which  are  mortifed  into  the  others.  The  crofs  troughs 
lead  to  the  fides  of  the  fhip,  to  the  barrels  and  to  the 
port-holes,  to  give  fire  both  to  the  barrels  and  the  cham¬ 
bers,  to  blow  open  the  ports  ,  and  the  fide-troughs  ferve 
to  communicate  the  fire  all  along  the  fhip  and  the  crofs 
troughs.  . 

The  timbers  of  which  the  troughs  are  made  are  about 
5  inches  fquare;  the  depth  of  the  troughs  half  their 
thicknefs,  fupportedby  crofs  pieces  at  every  2  or  3  yards, 
nailed  to  the  timbers  of  the  fhip,  and  to  the  wood  work 
which  inclofes  the  fore  and  main  mafts,  and  takes  in  an 
oblong  in  the  middle  of  the  deck,  extending  to  the  out- 
fide  of  both  the  mafts,  and  in  breadth  is  near  one  half  of 
the  deck  ;  and  is  what  makes  the  carpenter’s  room  for  his 
ftores.  I  he  decks  and  troughs  are  all  well  paved  with 
melced  roan. 

On  each  fide  of  the  fhip  are  cut  out  6  fmall  port  holes, 
infize  about  15  by  18  inches,  the  ports  opening  down¬ 
wards,  are  clofe  caulked  up  :  againft  each  port  is  fixed  an 
iron  chamber,  which,  at  the  time  of  firing  the  fhip,  blows 
open  the  ports  and  lets  out  the  fire.  At  the  main  and  fore 
chains  on  each  fide  is  a  wooden  funnel  fixed  over  a  fire 
barrel,  and  comes  through  a  fcuttle  in  the  deck  up  to  the 
fhrouds  to  give  fire  to  them  ;  and  between  them  are  cut 
two  fcuttles  on  each  fide  the  fhip,  which  alfo  ferve  to  let 
out  the  fire.  Both  funnels  and  (cuttles  mult  be  ftopt  with 
plugs,  and  have  fail-cloth  or  canvas  nailed  clofe  over  them, 
to  prevent  any  accident  happening  that  way  by  fire  to 
the  combuftibles  below. 

The  port-hole,  funnels,  and  fcuttles ,  not  only  ferve 
19  give  the  fire  a  free  paflage  to  the  outride  and  upper 

L  3  parts 
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parts  of  the  fhip,  and  its  rigging,  but  alfo  for  the  inward 
air,  other  wife  confined,  to  expand  itfelf,  and  pulh  through 
thofe  holes  at  the  time  of  the  combuftibles  being  on  fire, 
and  prevent  the  blowing  up  the  decks,  which  otherwife 
muft  of  courfe  happen  from  fuch  a  fudden  and  violent 
rarefaction  of  the  air  as  will  then  be  produced. 

In  the  bulkhead  behind  on  each  fide  is  cut  a  final  1  hole, 
large  enough  to  receive  a  trough  of  the  fame  fize  as  the 
others ;  from  which,  to  each  fide  of  the  fhip,  lies  a  lead¬ 
ing  trough,  one  end  coming  through  a  fally  port  cut 
through  the  fhip’s  lide ;  and  the  other,  fixing  into  a  com¬ 
municating  trough  that  lies  along  the  bulkhead,  from 
one  fide  of  the  fhip  to  the  other,  and  being  laid  with 
quickmatch  only,  at  the  time  of  firing  either  of  the  lead- 
ing  troughs,  communicates  theJfireip  an  in-flan  t  to  the 
contrary  fide  of  the  {hip,  and  both  fides  burn  together. 
The  communicating  trough,  which  is  fixed  to  the  bulk¬ 
head,  and  the  leading  troughs,  are  the  fame  fize  as  the 
others. 

Manner  of  preparing  Stores, 

Fire  Barrels. 

The  form  of  the  barrels  fhould  be  oylindric,  both  upon 
the  account  of  that  make  anfwering  better  for  filling 
them  with  reeds,  and  for  flowing  them  on  board  between 
the  troughs  ;  their  infide  d  iameters  are  fufficient,  if  abou  t 
si  inches,  and  their  lengths  33.  The  bottom  parts  are 
firfi  filled  with  fhort  double-dipt  reeds  fet  on  end,  and  the 
remainder  with  fire-barrel  composition  well  mixed  and 
melted,  and  then  poured  over  them. 

There  are  5  holes  of  £  inch  diameter,  and  3  inches 
deep,  made  with  a  drift  of  that  fize  in  the  top  of  the 
compofition  while  it  is  warm*,  one  in  the  centre,  and  the 
other  4  at  equal  difiances  round  /the  fides  of  the  barrel. 
When  the  compofition  is  cold  and  hard,  the  barrel  is 
primed  by  well  driving  thofe  holes  full  of  fuze  compo¬ 
fition  to  within  an  inch  of  the  top ;  then  fixing  in  each 

hole. 
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hole  a  ft  rand  of  quickmatch  twice  doubled,  and  in  the 
centre  hole  2  ttrands  the  whole  length  5  all  which  mutt; 
be  wellfet  or  drove  in  with  mealed  powder;  then  lay  the 
quickmatch  all  within  the  barrel,  and  cover  the  top  of  it 
with  a  dipt  curtain,  fattened  on  with  a  hoop  to  flip  over 
the  head,  and  nailed  on. 

The  barrels  fhould  be  made  very  ttrong,  not  only  to 
fupport  the  weight  of  the  compofition  before  firing,  in 
removing  and  carrying  them  about,  but  to  keep  them 
together  at  the  time  they  are  burning;  for  if  the  ftaves 
are  too  flight  and  thin,  and  ttiould  burn  too  foon,  fo  as  to 
give  way,  the  remaining  compofition  would  be  apt  to 
feparate,  and  tumble  upon  the  deck,  which  would  de- 
ttroy  the  defigned  effect  of  the  barrel,  which  is  tp  carry 
the  fire  aloft. 

Iron  Chambers. 

They  are  10  inches  long,  and  3.5  in  diameter;  and 
breeched  againtt  a  piece  of  wood  fixed  acrofs  the  port¬ 
holes,  and  let  into  another  lying  a  little  higher  ;  when 
loaded  they  are  filled  almoft  full  of  corned  powder,  and 
have  a  wooden  tompion  well  drove  into  their  muzzles ; 
are  -primed  with  a  fmall  piece  of  quickmatch  thru  it 
through  their  vents  into  the  powder,  with  a  part  of  it 
hanging  out;  and  when  the  ttiip  is  fired,  they  blow  open 
the  ports ;  which  either  fall  downwards,  or  are  carried 
away,  and  fo  give  vent  for  the  fire  out  of  the  fides  of  the 
fhip. 

Curtains 

Are  made  of  barras  about  J  of  a  yard  wide,  and  one 
yard  in  length;  wjaen  they  are  dipped,  2  men  with  each 
a  fork  (on  afhaft  of  the  lame  fize,  with  1  prong  in  each 
if  made  on  purpofe)  mutt  run  each  of  their  prongs  through 
a  corner  of  the  curtain  at  the  fame  end  ;  then  dip  them 
into  a  large  kettle  of  compofition  well  melted;  and  when 
well  dipped,  and  the  curtain  extended  to  its  full  breadth, 

L  4  *  whip 
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whip  it  between  2  flicks  of  about  5.5  feet  long,  and  1.5 
inches  fquare,  held  clofe  by  2  other  men  to  take  off  the 
fuperfiuous  compofition  hanging  to  it;  then  immediately 
fprinkie  faw-duft  on  both  Tides  to  prevent  its  flicking, 
and  the  curtain  is  finifhed. 

N.  B  A  copper  fixed  with  a  furnace  is  much  better 
than  a  kettle  that  is  not  fixed,  be.caufe.it  muft  be 
taken  off  from  the  fire  for  every  dipping,  to  prevent 
the  flapped  off  compofition  from  falling  into  it, 
which  would  unavoidably  give  fire  to  the  whole;  and 
renders  the  ufe  of  a  kettle  tedious  that  way. 

f  V  *  f  "  ‘  r  .  // 

Reeds 

Are  made  into  fmall  bundles  of  about  12  inches  in  cin* 

sj'  > 

cumference,  cut  even  at  both  ends,  and  tied  with  2  bands 
each;  the  longeft  fort  is  4  feet,  and  the  fhortefl  2.5  ; 
which  are  all  the  lengths  that  are  ufed.  1  part  of  them 
are  fingle  dipped,  only  at  1  end;  the  reft  are  double  dip¬ 
ped,  that  is,  at  both  ends.  In  dipping,  they  muft  be  put 
about  7  or  8  inches  deep  into  a  copper  or  kettle  of  melted 
compofition;  and  when  drained  a  little  over  it,  to  carry 
off  the  fuperfiuous  compofition,  fprinkie  them  over  a 
tanned  hide  with  pulverized  fulphur,  at  fome  diflance 
from  the  copper. 

Bavins 

Are  made  of  birch,  heath,  or  other  fort  of  brufh-wood, 
that  is  both  quickly  fired  and  tough  ;  in  length  2.5  or 
3  feet,  the  buflvends  all  laid  one  way;  and  the  other  ends 
tied  with  2  bahds  each.  They  are  dipped  and  fprinkled 
with  fulphur  the  fame  as  reeds,  only  that  the  bufh-ends 
alone  are  dipped,  and  fhould  be  a  little  clofkl  together 
by  hand  as  foon  as  done,  before  they  are  fprinkled,  to 
keep  them  more  clofe,  to  give  a  ftronger  fire,  and  to 
keep  the  branches  from  breaking  off  in  fhifting  and 
handling  them, 

Difpofition 
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JDifpofition  of  the  Stores  on  board,  when 

laid  for  firing. 

The  fire-barrels  are  placed  under  the  funnels  and  fcut- 
tles,  i  to  each ;  and  are  fixed  between  the  crofs  troughs  * 
leading  to  the  tides  of  the  fhip,  and  lafhed  to  them,  a^nd  * 
■well  cleeted  to  the  deck.  Thofe  at  the  funnels  give  fire 
to  the  main  and  fore  fhrouds  ;  the  reft  rife  over  the  deck 
through  the  fcuttles.  The  plugs  muft  be  taken  out  of 
the  funnels  and  fcuttles  before  the  fhip  is  fired,  and  the 
curtains  covering  the  fire-barrels  cut  open  and  rolled  back, 
the  quickmatch  fpread,  and  the  top  of  the  barrels  well 
falted  with  priming  compofition.  The  curtains  are  nailed 
to  the  beams  of  the  upper  deck,  hanging  down  over  the 
troughs,  bavins,  and  reeds. 

The  priming  compofition  ;  a  part  of  it  is  laid  along  the 
troughs,  and  the  reft,  after  laying  of  the  reeds  and  bavins, 
is  regularly  ft  re  wed  over  all  The  fhort  reeds  double 
dipped,  with  fome  of  the  fingle  dipped,  are  laid  along 
both  the  fides  and  crofs  troughs,  and  communicate  the  fire 
both  to  the  barrels  and  chambers.  The  reft  of  the  fingle 
dipped  reeds  and  bavins  are  fet  about  the  fire  barrels, 
and  to  the  fides  of  the  fhip;  and  fome  flung  upon  the 

The  quicixmateh  is  laid  2  or  3  ftrands  thick  upon  the 
reeds  in  the  troughs,  and  about  the  fire-barrels  arid  cham¬ 
bers,  to  communicate  a  general  fire  at  once.  The  reeds 
in  the  troughs  with  the  quickmatch  are  lafhed  on,  to 
prevent  their  falling  out  by  the  rolling  of  the  fhip. 

The  leading  troughs  are  both  laid  with  4  or  5  ftrands 
of  quickmatch;  as  is  likewife  the  comm  unlcating  trough , 
that  by  firing  either  of  the  leading  troughs,  the  com¬ 
municating  trough  may  carry  the  fire  to  the  other  fide  of 
$ne  fhip;  which  then  runs  along  the  troughs  by  the  quick¬ 
match  on  both  fides,  and  gives  fire  to  the  whole  in  an 
inftant. 


The 
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The  Com  portion  made  ufe  of  for  Cur¬ 
tains,  Reeds,  and  Bavins,  are  all  the 
fame,  viz. 

Pitch  5  14^ 

Sulphur  N.  B.  For  want  of  tar  take  3  lb.  of 


Roii  11 

f 
Tar 


tallow. 


Fire-Barrel  Compofition  for  one  Barrel. 


Corned  powder 

Pitch  - 

Tallow 


lb. 


120 

60 

IQ 


Divide  the  compofition  into-  5  pots  ;  the  pitch  and  tal¬ 
low  muft  be  firft  thoroughly  melted.  1  allow  well  the 
outlide  of  the  pot  to  take  off  the  heat  ^  and  then  put  in 
the  powder  by  final!  quantities,  ftirring  it  well  about. 


Priming  Compofition  for  one  Barrel. 

— - -  — -  lb  100 

—  Ii  ’mmMm  .  . - «  5° 

- - 4® 

— *  |  1  '  -  £  6 

— —  -  ■»  pints  3 


Corn  powder 
Petre  — ■ 

Sulphur 
Rofin 

Oil  ^ 


Take  20  lb.  of  powder,  which  mix  well  with  the  pe¬ 
tre,  fulphur,  and  rolin ;  work  them  well  together,  break¬ 
ing  it  well  in  working  *,  then  put  the  reft  of  the  powder 
in^by  degrees,  and  work  it  all  together:  fpread  it  in  a 
trough,  and  through  a  hair  fieve  run  3  pints  of  oil  all 
over  it :  then  work  it  well  together,  and  run  it  through  a 
cane  fieve. 


N.  R. 


SEA  and  LAND  SERVICE.  i5, 

N.  B.  In  the  following  eftimate  for  the  quantity  of 
ftores  requifite,  the  reeds  for  the  barrels  are  not 
included;  it  will  take  loo  lhort  double  dipped  more 
than  thefe  fpecified ;  but  their  value  is  included  in 
the  article  of  barrels. 


Stores  for  a  Firefhip  of  150  Tons. 


Fire  barrels  -  « — — 

Iron  chambers  —  - 

Priming  compofition  barrels 

Quickmatch  barrels  > - 

Curtains  dipped  - - , 

Long  reeds  Angle  dipped  — 

Short  reeds  Rouble  dipped 
Clingle  dipped 

Bavins  Angle  dipped  ■ — 


Numb. 

Value. 

d. 

8 

-  80 

:  0  : 

0 

12  — - 

-  12 

:  0  : 

0 

3l 

-  21 

:  0  : 

0 

I  - - 

-  3 

:  0  : 

0 

3°  - * 

:  0  : 

0 

150  - — - 

-  10 

;  1 5  : 

0 

75 

-  2 

:  18  : 

9 

75 

-  1 

:  17  : 

6 

209  — . . 

Io 

:  0  : 

0 

144  :  it  >3 


Quantity  of  Compofition  for  preparing  the 

Stores  of  a  Firefhip. 


For  8  barrels  — 

For  3.  5  barrels  of  priming 
compofition  —  — 

tor  the  curtains,  bavins, 
and  reeds  for  the  Ihip, 
and  fulphur  for  falting 
them  — 

Total 


•n*  - 

Pe~ 

fulp 

corn 

pit 

ro- 

tal 

tar 

oil 

tre. 

pow. 

ch 

fin 

low 

pts. 

r"  Vl  — 

1  !■■■■  n  paa 

— 

— 

-  -  r  7  _ 

0 

0 

960 

480 

0 

8q 

0 

0 

175 

140 

35° 

0 

21 

0 

0 

II 

0 

200 

0 

35° 

*75 

50 

25 

0 

— — - 

— 

— 

— 

— 

— /f.  _ 

175 

340 

131° 

830 

I96 

130 

25! 

I  1 1 

Total 
C.  2  8 :  3  : 


weight  of  the  compofition 
2. 


301 7,  equal  to 
Compofition 
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Compofition  allowed  for  the  reeds  for  the  barrels 
one  fifth  of  the  whole  of  the  Ml  article,  which  is  equal 
to  163  lb.  and  makes  the  whole  3177  pounds,  or 
C  28  :  1  : 4 3 « 

We  hafe  completed  the  feveral  branches  of  the  Art  of 
War,  in  e5ght  volumes  in  odlavo,  as  promifed.  We  have 
done  all  that  lies  in  our  power  to  treat  them  with  perfpi- 
cuity  and  clearnefs,  in  order  to  reduce  the  whole  to  as 
fmall  a  compafs  as  pofiible,  for  the  fake  of  thofe  military 
gentlemen  who  have  an  inclination  to  be  mailers  of  their 
bufinefs  in  a  ihort  time.  We  could  not  enlarge  upon 
every  particular  fo  much  as  might  be  neceflary;  yet  who¬ 
ever  renders  himfelf  mailer  of  what  we  have  faid,  will 
find  that  nothing  very  material  has  been  neglefted® 


i 

'  /  "v 
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BELIDOR 


M.  BELIDOR’s  New  Method  of  Mining- 

To  which  is  added, 

M.  VALLIERE  on  Countermines. 

THIS  work  is,  to  fhew  the  fallacy  of  miners  in  gene¬ 
ral,  in  regard  to  the  effeCt  of  powder' confined  id 
mines,  and  to  eftablifh  the  true  theory  of  mines,  upon  a 
folid  foundation ;  which  being  likewife  confirmed  by  ma¬ 
ny  unexceptionable  experiments,  cannot  fail  of  meeting 
with  the  approbation  of  every  unprejudiced  reader:  as  to 
thofe  who  find  fault  with  every  thing  new,  that  feems  to 
contradict  an  old  eftablifhed  opinion,  though  ever  fo  erro¬ 
neous,  their  cenfures  will  not  be  regarded;  nor  will  any 
objection  whatever  be  admitted,  unlefs  fupported  by  well 
attefled  experiments. 

If  you  imagine  a  large  globe  of  earth  homogeneous  In 
all  its  parts,  and  a  certain  quantity  of  powder -lodged  iii 
its  centre,  fo  as  to  produce  a  proper  effeCt  without  bur  (ting 
the  globe;  by  fetting  fire  to  the  powder,  it  is  evident, 
that  the  explofion  will  aCt  all  round,  to  overcome  the 
obftacles  which  oppofe  its  motion;  and  as  the  particles 
of  earth  are  porous,  they  vfil.l  comprefs  each  other  in 
proportion  as  the  flame  increafes,  and  the  capacity  of 
the  chamber  increafes  likewife.  But  the  particles  of 
earth  next,  to  the  chamber  will  communicate  a  part  of 
their  motion  to  thofe  next  to  them,  and  thofe  to  their 
neighbours;  and  this  communication  will  thus  continue 
in  a  decreafing  proportion,  till  the  whole  force  of  explo- 
fion  is  entirely  fpent,  and  the  particles  of  earth  beyond 
this  term  will  remain  in  the  fame,  Bate  as  they  were.  The 

particles 
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particles  of  earth  that  have  been  adied  upon  by  the  force 
of  expiofion  will  compofe  a  globe  which  M.  Belidor  calls 
the  Globe  of  Comprejfion * 

The  foregoing  experiment  is  eafily  comprehended  ;  but 
when  powder  is  lodged  in  a  mine,  where  the  weight  of 
the  earth  in  the  line  of  leaft  refiftance,  is  lefs  than  at  the 
lides  and  underneath,  it  feemingly  appears,  that  as  foon 
as  the  force  of  expiofion  reaches  the  furface  of  the  ground, 
it  would  throw  up  a  certain  quantity  of  earth,  and  leave 
a  hollow  in  the  form  of  a  fruftum  of  a  cone,  with  no  other 
effedt  upon  the  fides  or  bottom ;  as  likewife,  that  when 
the  mine  is  overcharged,  the  bale  of  the  excavation,  in* 
Read  of  increafing,  would  rather  diminifh,  becaufe  the 
force  of  expiofion  being  greater  would  fooner  reach  the 
extremity  of  the  line  of  leaft  refiftance:  it  is  in  this  light, 
that  all  practical  miners  have  hitherto  confidered  the 
adtion  of  powder  lodged  in  mines ;  and  from  thence  con¬ 
cluded,  that  a  certain  charge  will  form  an  excavation, 
whofe  greateft  diameter  fhall  be  double  the  line  of  leaf!: 
refiftance  ;  a  lefs  quantity  raife  the  earth  only  a  little,  and 
a  greater  throw  the  earth  up  higher,  and  diminifh  the 
diameter  of  the  excavation  inftead  of  increafing  it. 

As  abiurd  as  fuch  an  opinion  maybe,  that  a  greater 
force  produces  a  lefs  effedt  than  a  more  moderate  one ; 
yet  it  has  prevailed  amongft  all  the  practical  miners  in 
Europe;  without  confidering  that  there  may  be  phyfical 
caufes  in  nature,  with  which  they  were  unacquainted,  and 
that  no  theory  of  this  kind  fhould  be  admitted  unlefs 
fupported  by  well  attefted  experiments. 

M.  Belidor  made  feverai  experiments  with  various 
chaiges  at  la  Fere,  from  which  it  appeared,  that  the 
greateft  diameter  of  an  excavation  may  not  only  be  made 
double,  but  treble  or  quadruple;  yet  fome  old  miners 
of  note,  who  were  prefect,  could  or  would  not  believe  it, 
though  they  had  feen  it,  much  lefs  thofc  who  were  abfent. 
Thefe  Experiments  fhewed  that  the  diameter  of  the  exca¬ 
vation  could  be  made  greater  than  was  imagined;  but 
for  what  reafon,  was  not  hitherto  known,  till  M,  Belidor 
demonftrated  it,  in  the  Memoirs  of  the  Academy  of  Sci¬ 
ences 
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ences  at  Paris,  in  1762,  from  which  this  work  has 
been  extracted. 

■  To  explain  the  reafons  on  which  the  principles  of  mines 
are  grounded,  it  is  neceffary  to  confider  not  only  the 
refiftance  which  the  weight  of  the  earth  and  the  cohefion 
of  the.  parts  make  againft  the  force  of  explofion,  but 
likewife  the  preffion  of  the  atmofphere,  which  ’is  fo 
great  as  to  counterbalance  a  column  of  water  of  the 
fame  bafe,  and  whofe  altitude  is  feet,  which  anfwers 
nearly  to  a  height  of  a  middling  foil  of  about  22  feet:  fo 
that  if  the  line  of  leaft  refiftance  of  a  mine  is  10  feet,  the 
force  of  explofion  mull  not  only  overcome  the  weight 
of  10  feet  of  earth  above  it,  but  32  feet,  properly  fpeak- 
mg.  It  is  to  be  obferved,  that*”  this  weight  refills  the 
force  of  explofion  no  longer  than  till  the  mine  burfts,  and 
the  explofion  gets  a  communication  with  the  air,  becaufe 
then  the  prefifure  of  the  air  ceafes. 

Plate  I.  fig.  1.  As  the  powder  does  not  fire  all  at 
once,  but  gradually;  fo  the  force  of  explofion  increafes 
proportionally,  and  condenfes  the  earth  all  round  in  a 
fpheric  form ,  as  has  been  obferved,  till  this  force  over¬ 
comes  the  refiftance  of  the  earth  and  atmofphere,  which 
cannot  happen  before  the  earth  rifes  in  the  middle  into  a 
fpheric  form,  and  the  radius  (C  A)  of  explofion  extends  to 
the  Surface  (A  B)  of  the  earth  ;  and  then  the  explofion  net¬ 
ting  a  free  communication  with  the  air,  raifes  the  earth  to 
a  confiderable  height,  and  forms  an  excavation  of  a  curve- 
lined  figure,  fuch  as  Ah.  B;  the  point  C  represents  the 
centre  of  the  powder  or  chamber.  1 

It  is  a  known  principle,  eftabliihed  by  fads,  that  the  ' 
force  of  explofion  is  always  proportional  to  the  quantitv 
of  powder  nred;  and  as  the  force  of  explofion  a£ls  in  a 
fpheric  form,  and  fpheres  are  as  the  cubes  of  their  radii 
iti  evident,  that  the  forces  of  explofion,  or  the  quanti¬ 
ties  ot  powder  fired,  are  proportional  to  the  cubes  of  their 
radii. 

This  proportion  will  always  1  old  good  in  an  uniform 
foil,  but  varies  according  to  the  denfity;  and  if  the  cham¬ 
ber  of  a  mine  be  placed  on  a  rock,  or  feme  other  hard 
lupftance,  the  diameter  of  the  excavation  will  be  greater 

than. 
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than  it  would  have  been  otherwife ;  becaufe  the  force  of 
explofion  being  refilled  downwards,  will  adl  with  a  greater 
violence  towards  the  fides  and  upwards.  A  mine  placed 
in  a  foil  of  a  greater  denfity  and  tenacity  than  another  of 
the  fame  depth,  requires  a  greater  charge  in  proportion  ; 
but  it  muft:  be  obferved,  that  the  tenacity  is  not  propor¬ 
tional  to  the  furface  of  the  excavation,  as  M.  de  Valliere 
and  fome  others  pretend,  but  to  the  folid  itfelf,  as  we 
have  fhewn  in  page  2  2 1  of  our  Attack,  where  we  treat 
of  the  proper  charges  of  mines. 

To  find  a  proper  charge  of  a  mine  in  any  foil,  fo  as  to 
produce  a  given  diameter,  an  experiment  mine  muft  be 
made  in  the  fame  foil,  fufficiently  charged,  fo  as  to  produce 
a  proper  eftedt,  and  the  line  of  leaft  refiftance  exactly  mea- 
fured,  as  well  as  the  diameter  of  the  opening,  by  which 
the  radius  C  A  of  the  globe  of  compreffion  will  be  found: 
then  fay,  the  cube  of  the  radius  of  the  globe  of  compr effort 
found  by  the  experiment ,  is  to  the  cube  of  the  radius  of  the 
propofed  mine ,  as  the  charge  of  the  experiment  mine  is  to  the 
charge  required. 

And  to  find  the  diameter  of  a  mine  whofe  charge  is 
given,  fay,  the  charge  of  the  experiment  mine  is  to  the  given 
charge ,  as  the  cube  of  the  radius  of  the  fir  ft  is  to  the  cube  of 
the  radius  of  the  fiecond.  From  whence  the  diameter  re¬ 
quired  is  found  by  this  equation,  C  A2 — CD2  —  AD2 

Amongft  fome  mines  made  at  la  Fere,  one  was  charged 
With  iyolb.  and  another  with  goolb.  the  line  of  leaft 
refiftance  of  both  was  10  feet:  the  diameters  being  mea- 
fured,  the  firft  was  found  2c  feet,  and  the  fecond  27. 
Now  to  find  this  laft  diameter  by  the  theory,  add  the 
fquares  of  to,  the  line  of  leaft  refiftance,  to  the  fquare 
of  1  a,  half  the  diameter  20,  which  gives  200,  for  the 
fquare  of  the  radius  whofe  cube  is  2828:  then  170  : 
300  ;  :  2828  :  4990,  this  fourth  term  is  the  cube  of  the 
radius  of  the  fecond  mine,  whofe  root  is  17:  and  if 
from  the  fquare  289  of  this  root,  the  fquare  100  of  the 
line  of  leaft  refiftance  be  fubtradled,  the  fquare  root  of 
the  difference  will  be  13.7  and  27.4,  twice  this  root,  the 

diametef, 
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diameter  required:  which  is  nearly  the  fame  as  has  been 
found  by  the  experiment. 

Let  a  mine  be  loaded  with  9801b.  in  the  fame  foil,  and 
the  line  of  lead:  refiftance  15  feet:  then  1 70  :  980 : :  2828: 
16302,:  for  the  cube  of  the  radius,  and  its  logarithm 
4, 2 1  224,  multiplied  by  2,  and  divided  by  ogives  2.80826 ; 
for  the  logarithm  of  the  fquare  of  the  radius,  which  an- 
fwers  to  the  number  644,  from  which  fu.btradting  225* 
the  fquare  of  the  line  of  lead  refiftance,  and  taking  the 
fquare  root  of  the  difference  418,  we  get  20.4,  and 
twice  that  number  gives  ^0.8,  which  exceeds  4©  feet 
2  inches,  found  by  experiment,  by  about  5  inches. 

Having  made  another  mine  in  the  fame  foil,  loaded  with 
36oolb.  of  powder,  and  of  the  fame  depth, 'viz.  15  feet,, 
the  diameter  was  found  to  be  70  feet :  now  if  1 70:  36  jo:  : 
2828  :  59 887,  this  fourth  term  is  the. cube  of  the  radius* 
whole  logarithm,  4.77733,  multiplied  by  2  and  divided 
by  3*  giyes  3**^4888  for  the  logarithm  of  the  fquare, 
which  therefore  is  15304  from  this  fub trailing  225,  the 
fquare  of  the  line  of  leaft  refiftance,  the  fquare  root  of 
the  difference  1305  will  be  3  6,  and  twice  this  number 
72  the  diameter;  which  is  2  feet  more  than  that  found 
by  experiment. 

M,  Belidor,  finding  the  diameters  of  mines  loaded  with 
great  charges,  greater  by  computation  than  by  experi¬ 
ments,  imagines  that  it  was  owing  to  the  cubical  cham¬ 
bers,  by  which  the  quantity  of  earth  above  them  is  lefs 
in  proportion  than  in  Imail  ones :  but  whether  this  rea- 
fon  is  juft,  or  that  the  diameter  and  the  line  of  leaft  re¬ 
fiftance  have  not  been  rightly  meafured,  is  not  certain; 
^for  a  friend  of  mine  found  the  contrary  in  fame  very  ac¬ 
curate  experiments  he  made. 

Having  given  an  account  in  page  232  of  our  Attack, 
cf  fome  experiments  formerly  made  at  la  Fere,  and  com¬ 
puted  their  diameters  from  the  parabolic  figure,  vvefhaii 
here  compute  the  fame  diameters  from  the  globe  of  com- 
preffion.  I  he  firft  was  loaded  with  1 20,  the  fecond  1 60, 
the  third  200,  the  fourth  240,  the  fifth 280,  the  fixth  320, 
and  the  feventh  with  360  :  the  lipe  of  leaft  refiftance  was 

M  '  .  L  iq  feet 
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ro  feet  in  all  of  them*,  the  diameters  were  found  to 
be,  ill,  2 £  fi.,  2d,  26,  3d,  29,  4th,  31I,  5th,  3 3I,  6th, 
36,  ;th,  38  feet.  .  Now  taking  the  diameter  of  any  one 
as  known,  for  example,  that  of  the  fecond  2  6,  whofe 
globe  of  compreffion  will  be  found  to  be  4412  ;  then  as 
the  globes  of  compreffion  are  proportional  to  the  charges, 
they  will  be,  id,  3309;  3d,  5515s  4th,  6618 ;  5th,  7721 ; 
6th,  8824^  7th,  9927:  the  fquares  of  their  radii,  ift, 
225.05;  3d,  312.154  4th,  352.49;  5th,  390.64;  6th, 
427.02;  7th,  461.9;  and  the  radii  of  the  bafes,  2  ft, 
11.05;  3d,  14.56  ; 4th,  15.88;  5th,  17.04;  6th,  18.08; 
7th,  19.02;  whence  the  diameters  are,  22. i;  29.12;  31.76; 
34.08;  36.16;  38;  which  fhews  that  the  greateft  dif¬ 
ference  between  the  meafured  and  computed  diameters  is 
not  above  6  inches. 

The. near  agreement  between  the  diameters,  computed 
from  thefe  two  different  methods,  feemingly  fo  different, 
appears  extraordinary.  I  found  befldes,  in  computing 
large  tables  by  both  of  them,  that  one  gave  the  charge 
fomething  greater  than  equal,  and  afterwards  lefs  than 
the  other;  but  the  differences  were  immaterial. 

We  have  hitherto  computed  the  diameters  of  mines 
from  their  charges ;  we  fhall  now  give  fome  examples  to 
fhew  how  to  find  the  charges,  from  the  given  diameters. 
Thus  a  mine  made  in  the  fame  foil  as  the  laft  feven,  whofe 
line  of  lea  it  refiftance  is  10  feet,  it  is  required  to  find  the 
charge  fo'  as  to  make  a  diameter  of  40  feet :  the  fum  of 
the  fquares  of  the  line  of  leaft  refiftance  10,  and  half  the 
diameter  20,  gives  500  for  the  fquare  of  the  radius  of  the 
globe  of  compreffion  ;  and  the  fquare  root  22.36  of  500, 
multiplied  by  500,  gives  11180  for  the  globe  of  com¬ 
preffion  ;  then  the  globe  of  compreffion  4  <.12,  of  the  fe¬ 
cond  mine,  is  to  the  globe  of  compreffion  1 1180,  as  the 
charge  1 60  of  the  experiment  mine  is  to  the  charge  re¬ 
quired,  which  will  be  4051b.  nearly. 

Let  a  mine  whofe  line  of  leaft  refiftance  is  10  feet  be 
loaded  with  1701b.  of  powder,  and  have  a  diameter  of 
20  feet ;  it  is  propofed  to  make  another  in  the  fame  foil, 
wfipfe  line  of  leaft  refiftance  is  15  feet,  and  its  diameter 
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70,  to  find  its  charge.  The  fquare  1225  of  half  the  dia¬ 
meter  70,  added  to  the  fquare  225  of  the  line  of  leaft 
.cf, dance  10,  gives  14 5->  whofe  root  is  38  nearly;  and 
1450,  multiplied  by  38,  gives  55  too  for  the  globe  of 
compreffion,  and  as  the  globe  of  compreffion  of  the 
experiment  mine  has  been  found  above  to  be  2828,  we 
have  2828  :  55100;  :  170:  33121b.  of  powder  for  the 
charge  required. 

M.  Belidor  fays,  to  fhew  the  application  of  the  globe  of 
compreffion  in  the  defence  of  places,  I  ffiall  explain  the 
planes  and  profils  Oi  countermines  made  at  la  Fere,  to  blow 
up  the  befiegers  canaons,  and  throw  them  into  the  ditch, 
togetner  with  another  experiment,  which  threw  the  can¬ 
nons  into  the  fortification. 

It  is  u  eli  known,  that  when  once  the  befiegers  have 
eftablifhed  their  batteries  near  the  covered  way,  to  make 
a  breach  in  an  outwork,  or  the  body  of  the  place,  they 
become  practicable  in  2  or  3  days,  then  the  befieged 
are  obliged  to  furrender ;  fo  that  the  only  refourcc  remain¬ 
ing  to  them,  is  to  retaid  the  finifhing  thefe  batteries  as 
much  as  poffible,  by  all  the  ftratagems  that  can  be  ima¬ 
gined  ;  but  nothing  difconcerts  the  befiegers  fo  much  as 
the  deftroying  them  by  countermines,  and  to  throw  the 
cannons  into  the  poffeffion  of  the  befieged. 

Every  time  that  batteries  have  been  deftroyed  by 
countermines,  the  cannons  have  been  thrown  into  the 
trenches,  becaule  the  refiftance  is  greater  on  the  fide  of 
the  parapet  than  on  any  other;  but  when  the  fame  ground 
is  blown  up  feveral  times,  the  chambers  may  be& fo  dif- 
pofed,  that  when  the  befiegers  have  re- eftablifhed  their 
batteries  for  the  fecond  or  third  time,  the  cannons  may 
be  blown  towards  the  place;  becaufe  the  earth  to  fill 
up  the  excavation  having  much  lefs  tenacity  than  the 

former,  that  fide  which  was  the  firongeft  becomes  the 
weakeft. 

By  following  this  method,  I  have  in  1724  conftrufted 
countermines  under  the  glacis  of  the  polygon  at  la  Fere, 
to  blow  up  the  batteries  fuppofed  to  be  erected  by  the  be¬ 
fiegers  three  times. 
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Plate  L  Fig.  2,  3,  4.  The  firft  chamber  C,  blew  up 
two  24  pounders  towards  the  trenches  as  ufuai :  the  bat¬ 
teries  being  re-eftablilhed,  the  chamber  D  threw  the  can¬ 
nons  in  tothe  ditch  :  the  batteries  being  re-eftabhihed  again, 
the  chamber  E  threw  the  cannons  again  into  the  ditch, 
to  the  great  furprife  of  the  fpe&ators,  efyecially  to  iome 
of  the  miners,  who  expected  quite  the  contrary .  .  For  it 
was  the  firft  time  that  this  method  had  been  pradtifed  ex¬ 
cept  atthefiege  of  Turin  in  170 6,  where  by  chance  one 
of  our  pieces  was  thrown  into  the  covert-way,  which 
the  befieged  carried  in  triumph  into  the  town. 

As  luch  an  advantage  is  extremely  proper  to  raife  the 
courage  of  the  garrifon,  and  to  difcourage  the  befiegers, 
by  the  length  of  time  to  re-eftablifh  the  batteries,  we 
thought  we  could  not  Ihew  better  our  attachment  to  his 
maje tty’s  fervice,  than  endeavouring  to  improve  this 
branch  of  the  countermines,  in  fuch  a  manner,  that  the  firft 
mine,  called  fougafie,  having  only  eight  or  ten  feet  of 
the  line  of  the  ieaft  refiftance,  may  throw  diredtly  the 
enemy’s  guns  into  the  ditch  of  the  place,  and  even  into 
the  work,  in  order  to  make  ufe  of  them  againft  him. 
This  method  may  be  ufed  in  places  which  have  wet  ditches 
as  well  as  the  dry;  fince  by  finking  only  3  feet  under  the 
level  of  the  covert  way,  the  height  of  the  banquet  and 
parapet  give  7  feet  more,  this  makes  a  fufficient  line  of 
leaft  refiftance  to  blow  up  a  battery,  if  S  feet  can  be  funk 
inftead  of  3,  the  battery  may  be  twice  blown  up,  and 
a  third  time  if  13  or  14  feet  can  be  funk.  The  question 
is  then  to  throw  the  camions  the  firft  time  into  the  ditch; 
for  after  that,  there  is  no  doubt  but  it  may  be  done  again  as 
often  as  the  enemy  attempts  to  raife  them,  and  the  depth  of 
the  ground  will  allow  it. 

This  project  being  fent  to  court,  was  ordered  to  be 
put  in  practice  in  1739  ;  for  which  reafon  a  battery  was 
raifed  in  all  its  forms,  for  two  24  pounders.  Under 
the  middle  of  which  a  gallery  F  G,  fig.  5,  6,  was 
made  from  the  foot  T,  of  the  banquet  of  20  feet  long, 
from  which  2  branches  GH,  GI,  were  ipade,  each  of  them 
7  feet  long,  to  place  the  chambers  A  whofe  lines  of 
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leaft  rcfidance  was  7  feet  only,  being  under  the  axle-trees 
©f  the  pieces ;  the  gallery  was  continued  in  a  dope,  to 
make  from  thence  2  other  branches  K  L,  K  N,  in  the 
fame  manner  as  the  preceding,  but  lower,  to  place 
the  chambers  B,  R,  whofe  line  of  lead  refiftance  was 
10  feet,  and  at  the  fame  didance  from  the  former  A, 
taken  horizontally,  in  order  to  have  the  right  angled 
ifbfecles  triangle  B  D  C,  fig.  5,  whofe  hypothenufe  B  C, 
ihews  the  direction  of  the  action  of  the  powder. 

The  intent  of  the  little  chambers  A,  A,  being  to  over¬ 
come  the  tenacity  of  the  foil,  without  any  other  effed:, 
were  charged  each  with  20  pounds  of  powder  only,  where¬ 
as  the  others  B,  B,  were  each  charged  with  6 qo  pounds. 
The  length  of  the  leaders  were  contrived  fo  as  the  fire 
being  fet  to  it  at  F,  it  went  to  G,  and  from  thence  to 
the  chambers  A,  A,  and  to  the  point  K  at  the  fame  time, 
and  to  the  chambers  B,  B,  in  a  few  feconds  afterwards : 
the  fird,  A,  A,  having  produced  a  proper  effed:,  the 
fecond  B,  B,  met  with  lefs  refidance  towards  the  wheels 
of  the  carriages  than  towards  the  trail,  raifed  the  pieces 
to  about  40  fathoms,  2nd  then  threw  them  35  fathoms 
from  the  battery  into  the  ditch. 

The  effed:  of  thefe  mines  was  much  greater  than  ex¬ 
pected,  even  by  thofe  who  had  the  mod  favourable  opi¬ 
nions,  from  the  bare  -expofitbn  of  the  projed::  the  mod 
expert  in  mines  at  la  Fere  were  more  fenfible  than  ever  of 
the  certainty  of  the  principles  edabllfhed  in  our  theory, 
and  of  all  the  advantages  that  may  be  obtained  from  the 
globe  of  compreffion. 

Though  the  centres  of  the  two  chambers  were  iS  feet 
from  each  other,  they  yet  produced  but  one  excavation 
of  an  elliptic  form,  whofe  greated  diameter  was  found 
to  be  45  feet,  and  the  lead  27;  the  depth  18,  and  the 
bottom  well  cleared,  without  hurting  the  parapet  of  the 
covert  way.  If  then  2  mines  produced  fo  great  an  ex¬ 
cavation,  to  what  extremity  will  the  befiegers  be  reduced 
if  a  battery  of  10  or  12  pieces  was  blown  up:  for  where 
will  they  find  earth  enough  to  fill  up  an  excavation  of  35 
or  40  fathoms  in  length,  5  in  breadth,  and  15  feet  deep  ? 

M  3  What 
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What  time  will  be  loft  in  repairing  all  thefe  damages  $ 
ard  what  deftrudtion  there  muft  be  amongft  the  foldiers, 
from  the  fire  of  ftiells,  carcafTes,  and  granades,  contir 
nually  thrown  into  fuch  a  confined  place ! 

Experiments  made  at  Bisy  in  July,  1753, 
by  order  of  the  French  King,  together 
with  their  Ufe  in  the  Attack  of  Places. 


THE  intent  of  thefe  experiments  was  to  render  ufe- 
lefs  the  countermines  of  a  befieged  town,  by 
burfting  the  galleries  all  round,  above  and  below,  to  a 
certain  diftance,  or  to  change  thefe  galleries  into  lo  many 
trenches,  by  which  the  covert-way  may  be  taken  at 
once  with  very  little  trouble.  His  majefty  being  in¬ 
formed  of  thefe  means,  ordered  that  experiments  fhould 
be  made  near  the  caftle  of  BIfy,  belonging  to  the  duke 
of  Belleifle.  In  confequence  of  which,  a  detachment 
of  75  miners,  with  their  officers,  was  lent  there  from 
the  artillery  fchool  at  la  Fere.  The  work  begun  with 
what  belongs  to  the  globe  of  compreffion  ;  a  foil  had 
been  pitched  upon  the  moft  uniform  that  could  be  found, 
which  happened  to  be  a  hard  fand,  mixed  with  gravel ; 
there  were  made  4  galleries,  A,  B,  C,  D,  fig.  7,  3  feet 
wide,  and  6  high,  fo  as  to  form  a  rediangle,  whofe 
fides  anfwered  nearly  to  the  4  cardinal  points  :  the  2  op- 
pofite  ones  A,  B,  which  faced  the  north  and  fouth,  were 
each  10  fathoms  long,  and  the  other  2  C,  D,  which 
faced  the  weft  and  eaft,  12  fathoms  ;  they  were  lined 
with  ftones,  in  order  to  fhew  that  mafonry  was  rather 


an  advantage  than  an  ohftacle  to  the  effedt  of  powder : 
the  bottom  of  thefe  galleries  had  a  flope  of  6  feet  3  in¬ 
ches,  and  the  mean  depth  was  1 5  feet  under  the  fur- 
face  of  the  ground,  which  terminated  in  a  defcent  fiom 
fouth  to  north,  between  the  interval  of  the  galleries  of 
that  name.  In  that  to  the  eaft,  C,  a  branch,  L  K,  was 
made  at  right  angles  of  24  feet  long,  and  at  K  another, 
K  F,  at  right  angle  to  this,  to  place  a  chamber,  E,  30 
feet  diftant  from  the  gallery  A,  36  from  D,  and  42  from 
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B,  The  other  galleries  were  made  by  means  of  2  fhafts 
or  pits,  M,  I,  the  one  M,  to  the  fouth  was  1 6  feet  deep, 
and  the  other,  1,  to  the  north  20. 

When  thefe  galleries  were  finifhed,  the  laffc  pit,  I, 
was  deepened  nine  feet  more;  fo  that  the  bottom  Y, 
fig.  8,  was  29  feet  below  the  furface  of  the  ground 
near  the  chamber.  After  this  a  gallery,  YX,  was  made 
going  diredlly  under  the  chamber  E,  with  a  defcerit  of 
18  inches,  and  5  feet  high,  by  which  its  top  was  14  feet 
below  the  centre  of  the  chamber  E,  the  whole  fup- 
ported  with  ftrong  planks  of  oak,  and  Hill  in  the  fame 
fort  of  foil  as  mentioned  before,  but  fo  hard,  that  the 
miners  were  obliged  to  ufe  the  chiilels.  Such  was  the 
difpofition  made  to  what  belonged  to  the  globe  of  com- 
preffion  ;  whole  objedt  was  to  fee  whether  it  would  burft 
all  thefe  galleries. 

As  it  does  not  appear  natural,  that  a  mine,  whofe 
effect  fhould  be  on  the  weaken  fide,  would  bur  ft  galle¬ 
ries  at  a  diflance  of  4  times  the  length  of  its  line  of  leaft  x 
refinance,  it  is  no  wonder  that  it  fhould  have  been 


doubted  ;  though  the  experiment  made  at  la  Fere  in 
1732,  fhould  have  been  a  proof  of  it,  as  the  fact  was 
eftabiifhed  upon  the  preceding  theory,  yet  the  miners 
were  not  convinced,  pretending  that  the  powder  had 
penetrated  between  the  foft  foil  and  a  bed  of  ftrong  clay, 
fo  far  as  to  burft  the  gallery.  t  was  plain,  that  by  ad¬ 
mitting  this  theory,  the  old,  and  all  its  confequences, 
muft  of  neceftity  be  rejected,  j  kept  filen.de  upon  this 
article  till  1753,  when,  in  a  difcourfe  which  I  had  the 
honour  to  make  to  his  majeftv  on  the  effect  of  powder 
in  mines  and  fire-arms,  he  ordered  immediately  that  I 
fhould  be  furnifhed  with  means  to  make  farther  expe¬ 
riments,  which  are  thole  I  have  now  defcribed. 

The  1 8th  of  June,  the  count  dfArgenfon,  who  ar¬ 
rived  the  night  before  at  the  duke  of  Belleifle’s,  at  the 
caftle  of  Bily,  with  fome  general  officers  and  other  per- 
fons  of  quality,  who  came  there  out  of  curiofitv,  went 
early  in  the  morning,  to  vifit  all  the  works  of  the  mines  *, 
after  this  fire  was  let  to  the  globe  of  compreffion,  which 
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had  been  loaded  the  night  before  with  3000  lb.  of  pow-» 
der  :  it  raifed  the  earth  to  about  1 50  feet  high.  They 
then  went  to  fee  whether  it  had  deftroyed  the  galleries 
about  it,  as  well  as  thofe  underneath,  and  to  what  di¬ 
stance  the  globe  of  compreffion  had  adted ;  it  was  found 
that  it  formed  an  excavation  perfectly  round  of  6b  feet 
diameter,  and  iy  deep. 

The  eaft  gallery  C,  lined  with  mafonry,  and  at  24 
feet  diflant  from  the  chamber,  was  entirely  burft  from 
one  end  to  the  other. 

The  fouth  gallery  A,  at  30  feet  diflant  from  the 
chamber,  was  equally  burft  from  one  end  to  the  other, 
except  2  fathoms  near  the  entrance  M,  at  the  weft. 

The  weft  gallery  D,  of  12  fathoms  long,  and  36  feet 
diftant  from  the  chamber,  was  deftroyed  to  the  length  of 
7  fathoms,  3  fathoms  were  left  near  its  entrance  at  the 
north,  and  2  fathoms  on  the  other  end. 

1  he  north  gallery  B,  which  was  10  fathoms  long, 
and  42  feet  from  the  chamber,  was  deftroyed  all  but 
2  fathoms  at  its  entrance  at  the  weft,  fo  there  was  8  fa¬ 
thoms  impracticable,  which  were  divided  into  2  equal 
parts  by  the  perpendicular  drawn  from  the  centre  of  the 
chamber  to  that  gallery. 

As  that  line  formed  a  right-angled  triangle,  with  half 
the  gallery  deftroyed,  whofe  hypothenufe  is  48  feet  ^ 
which  hypothenufe  is  the  radius  of  the  globe  of  compref¬ 
fion  ;  this  ftiews  that  the  globe  of  compreffion  would 
have  deftroyed  a  gallery  at  that  diftance,  and  confequently 
quadruple  the  line  of  leaft  refiftance. 

The  gallery  Y,  Z,  S,  fig.  8,  which  pafied  under  the 
chamber  E,  whofe  top  was  14  feet  from  it,  and  length 
69  feet,  could  not  be  entered  farther  than  the  length 
YZ  of  24/ feet*  fo  that  45  feet  of  it  was  deftroyed; 
as  the  extremity  of  this  gallery  was  9  feet  beyond  the 
centre  of  the  chamber,  it  appears  that  there  remains 
60  feet  from  the  middle  to  the  entrance,  and  as  there 
were  24  feet  not  deftroyed,  there  remained  36  deftroyed 
on  that  fide,  which  taking  for  the  bafe  of  a  right-angled 
mangle  Z  S  E,  and  the  perpendicular  E  S  being  14  feet, 

the 
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the  hypothenufe  EZ,  is  found  to  be  38  feet,  which 
therefore  is  the  radius  of  the  globe  of  compreffion  :  fo 
that  it  would  have  deftroyed  a  gallery  whofe  top  had 
been  at  that  diilance  under  the  mine,  confequently 
50  feet  under  the  furface  of  the  ground,  which  is  the 
greateft  diilance  that  a  gallery  can  ever  be  made.  Thefe 
are  facfts  yet  extant,  and  which  may  be  verified  upon 
the  fpot. 

From  hence  it  follows,  that  if  the  line  of  leaft  refin¬ 
ance  had  been  15  or  16  feet  inftead  of  12,  the  globe  of 
compreffion  would  have  oeflroyed  a  gallery  at  60  feet 
diftant  from  the  centre  of  the  chamber  ;  confequently 
if  the  chamber  was  placed  at  that  depth,  and  nearly  in 
the  middle  between  two  liftning  galleries,  whofe  diilance 
is  generally  from  15  to  24  fathoms,  it  would  have  buriled 
both  the  envelope  and  all  thofe  under  and  above  them, 
by  increafing  only  the  quantity  of  powder  in  proportion. 
This  proves  the  great  ufe  that  may  be  made  of  the 
globe  of  compreffion,  in  the  attack  of  a  place  counter¬ 
mined. 

It  has  been  found,  that  to  make  ufe  of  the  globe  of 
compreffion  in  a  common  foil,  the  chamber  fhould  be 
made  upon  the  fame  level  with  the  galleries,  and  its 
greateil  diilance  be  about  quadruple  its  depth  nearly ; 
then  the  diameter  of  the  excavation  will  be  about 
fextuple  that  line.  And  to  find  the  charge,  multiply 
3  times  the  line  of  leaf  rejiftance ,  exprejfed  in  feet  by  1 00,  and 
the  product  will  give  the  number  of  pounds  of  powder  for  the  , 
charge  required.  For  example,  having  2  or  3  contiguous 
galleries,  1 5  feet  deep,  at  a  difiance  not  exceeding  60  feet  % 
make  a  ffiaft  in  the  moil  convenient  place,  and  from 
thence  carry  a  branch  to  efiablifh  the  chamber;  then 
3  times  1 5,  the  depth  of  the  mine,  multiplied  by  100, 
gives  4500  lb.  for  the  charge  of  this  mine.  From  this 
rule  it  appears,  that  the  true  charge  of  the  globe  of  com¬ 
preffion  at  Bify  fhould  have  been  3600  lb.  for  a  line  of 
leaft  refiftance  of  12  feet,  then  the  diameter  of  the  exca¬ 
vation  would  have  been  72  feet  inftead  of  66,  and  in 
that  cafe  the  weft  gallery  would  have  been  deftroyed  to 
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the  quadruple  of  the  line  of  leaft  refinance,  as  already 
mentioned.  The  reafcn  for  charging  the  mine  of  Bify 
with  3 oo°  lb.  only,  was  to  prevent  home  houfes  near 
it,  from  being  damaged.  This  rule  for  charging  mines 
is  not  founded  on  any  exaht  theory,  but  is  fufhciently 
exadl,  becaufe  it  is  better  in  this  cafe,  to  make  the 
charge  greater  than  lefs. 

VI  hile  part  of  the  miners  detachment  was  occupied 
in  what  belonged  ro  the  globe  of  compreilion,  the  other 
was  at  work  to  conftrudt  a  place  of  arms  of  a  covert  -way 
to  countermine  it ;  in  order  to  change  them  afterwards 
into  trenches  of  a  liege,  and  to  furnifh  means  of  a  new 
kind  of  experiments.  This  place  of  arms  traced  fuch  as 
one  in  a  real  fortification  was  found  to  be  in  a  mo  id  un¬ 
grateful  foil,  for  the  bottom  was  of  a  very  hard  free 
itone,  that  could  not  be  penetrated  without  blowing  it 
up;  and  it  was  covered  with  a  Prong  clay,  which  ap¬ 
peared  to  be  againft  the  intended  experiments  ;  but  as  it 
would  have  been  looked  upon  to  favour  the  experiments, 
by  changing  the  fituation,  it  was  thought  proper  to  con¬ 
tinue  the  work  in  that  foil  which  had  been  pitched  upon 
by  chance,  fo  that  if  they  fucceeded  in  this,  there  would 
be  no-4oubt  of  their  fuccefs  in  any  other. 

Plate  1L  Fig.  12.  At  the  depth  of  i2?  12,  14,  and 
*5  feet,  were  made  a  gallery  magiftrate  1,  g,  3  ;  an 
envelope  4  7,  at  the  foot  of  the  glacis ;  2  trayeffing, 
1,  4  and  3,  7;  and  2  hftner ,  5  8  and  6,  9  ;  all  being 
5  feet  high,  and  3  broad.  This  work  being  finifhed, 
a  fap,  B  C,  was  made  in  the  ufual  form,  which  crofling' 
one  of  the  Miners,  and  within  about  4  fathoms  of  the 
other,  as  happened  by  chance.  The  i6tb,  the  beiieged 
miners  intending  to  deftroy  this  head  of  the  fap,  fet  fire 
to  the  mines  A,  B,  carried  from  the  liftner  at  the  right. 
The  fecond  mine  B,  which  w?as  10  feet  deep,  formed  an 
excavation  of  27  feet  diameter,  in  which  the  miners 
entered  to  difeover  the  gallery,  cleared  it,  and  from 
thence  entered  into  the  lifiner,  which  was  done  in 
5  hours. 


on  MINES  17  f 

The  i  ;th,  the  befiegers  intending  to  deftroy,  at  the 
fame  time,  and  by  the  fame  fire,  the  liftner  of  20  fathoms, 
the  envelope  of  24,  and  12  of  the  travelling  •,  in  order 
to  which,  they  begun  at  the  right  to  place  fand  bags 
before  them  fcrving  as  a  retrenchment,  then  placed  the 
leaders  and  put  ten  barrels  of  powder  in  two  heaps  at 
the  end  of  the  traverfmg  gallery-,  16  in  4  heaps  into 
the.  envelope,  and  as  much  into  the  liftner  ;  and  flopped 
up  the  entrance  at  the  excavation  :  all  this  work  was 
fin i {lied  in  7  hours. 

The  count  d’Argenfon  being  arrived,  the  befieged 
miners  fet  fire  to  the  mine  C,  at  the  left,  which  they 
had  loaded  with  200  lb.  of  powder,  in  order  to  deftroy 
the  fap  on  that  fide.  The  hefiegers  miners  entered  into 
the  excavation,  to  difeover  the  gallery;  in  the  mean 
time  the  befieged  fent  2  miners,  followed  by  lord  Mel- 
ford,  out  of  curiofity,  to  obferve  the  befiegers,  who 
being  arrived  at  the  envelope,  the  fmoke  of  the  leader 
was  fo  great,  that  they  could  proceed  no  further;  then 
retired  in  hafte  into  the  frefh  air,  to  recover  from  the 
fuiTocation  they  were  a  fife  fled  with  in  the  attempt. 

An  hour  after,  the  fame  lord,  with  a  ferjeant  and  a 
corporal,  entered  a  fecond  time  into  the  gallery,  to  fee 
whether  they  could  advance  farther,  but  found  the 
flench  of  the  powder  ftill  worfe  than  the  find  time  ;  for 
attempting  to  go  into  the  liftner,  they  fwooned  away, 
and  would  have  died,  had  they  not  been  carried  out  di¬ 
rectly,  efpecially  the  corporal,  who  did  not  recover  in 
24  hours.  This  example  fhews,  that  the  miners  have 
not  a  more  cruel  enemy  than  the  confined  fmoke  of  pow- 
\der;  for  if  they  are  in  it  during  a  few  minutes,  faint 
away,  and  die  if  not  properly  fecured. 

After  this  event,  fire  was  fet  to  the  leader  on  the  right, 
wfiich  fuddenly  railed  the  upper  part  of  the  liftner,  the 
envelope  and  part  of  the  travelling,  and  changed  them 
into  trenches,  as  in  fig.  13.  to  the  length  of  56  fathoms, 
being  about  24  feet  broad,  and  about  8  deep;  a  little 

after 
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after  were  fprung  by  the  fame  fire,  the  reft  of  the  com* 
munication  or  traverfmg  adjacent,  with  half  the  magi¬ 
cal  in  the  gorge  of  the  place  of  arms,  by  means  of  24 
barrels  of  powder  placed  in  fix  heaps,  which  changed 
thefe  galleries  alfo  into  trenches,  the  length  of  38  fathoms,, 
that  is,  the  liftner  on  the  right,  the  envelope,  the 
traverfing,  and  the  magiftral,  formed  one  continued 
trench. 

The  fame  day  the  miners,  after  having  cleared  the 
bottom  of  the  excavation  near  the  liftner  at  the  left, 
opened  the  gallery  and  penetrated  into  the  liftner,  char¬ 
ged  it  and  the  traverfing  with  20  barrels  of  powder 
placed  in  4  heaps  ;  they  charged  likewife  the  other  half 
of  the  magiftral  gallery,  in  the  place  of  arms,  with  1 2 
barrels  of  powder  placed  in  3  heaps. 

Things  thus  difpofed,  the  count  d’Argenfon  and  the 
duke  of  Belleifle  came  the  19th,  to  fee  the  remainder  of 
the  operations ;  the  firft  changed  the  liftner,  which  was 
22  fathoms  long,  into  a  trench  with  more  fuccefs  than 
the  former,  as  being  better  cleared;  after  this,  the  reft 
of  the  magiftral  gallery  was  fprung,  which  made  a 
trench  of  20  fathoms.  Thefe  trenches  may  be  traverfed 
and  finiftied,  as  in  fig.  14. 

It  may  perhaps  be  faid,  that  as  thefe  countermines 
were  not  defended,  it  is  no  wonder  that  thefe  trenches 
were  fo  eafily  made :  but  this  objection  deferves  no 
anfwer  ;  it  is  fufficient,  that  the  operations  made  here 
are  what  is  daily  pratftifed  at  the  fchool  of  artillery, 
without  any  body  receiving  the  leaft  harm. 

All  thefe  experiments  being  finiftied  to  the  fatisfadlion 
of  the  count  d’Argenfon,  without  any  accident,  that  mi- 
nifter,  to  verify  them  to  the  king,  had  a  memorial  drawn 
up,  and  figned  by  MefTrs.  Valiere,  Gourdon,  lieutenant 
generals;  d’Auville,  Chateaufcr,  Gribauval,  captains 
of  miners ;  Belcourt,  third  commander  of  the  fchool  of 
artillery  at  la  Fere  and  Belidor. 

It  is  after  this  memorial  that  the  preceding  fafts  have 
been  written,  which  cannot  be  fufpefted  of  any  altera¬ 
tions. 


on  MINES.  173 

lions,  every  thing  was  approved  of  by  all  who  were 
invited  by  M.  Count  d’Argenfon,  to  fee  them. 

From  thefe  experiments  has  been  deduced  a  method 
for  changing  galleries  of  mines  into  trenches,  viz.  after 
having  ftopt  the  entrance  with  fand  bags  or  wood,  the 
heaps  of  barrels  of  powder  fhould  be  placed  at  equal 
diflances  from  each  other,  to  make  them  take  fire  toge¬ 
ther,  and  this  biflance  fhould  not  exceed  triple  the  depth 
of  the  gallery,  from  thence  the  length  of  the  leaders 
will  be  determined.  The  charge  fhould  not  be  too 
great,  to  prevent  the  making  too  deep  a  trench, 
for  the  foldiers  to  defend  them;  each  heap  of  powder 
fhould  contain  as  many  barrels  of  100  lb.  as  there  are 
feet  in  the  fourth  part  of  the  depth  of  the  gallery,  in  a 
common  foil.  For  example,  having  a  gallery  of  about 
24  fathoms,  and  16  feet  deep,  there  fhould  be  4  barrels 
in  a  heap,  and  4  heaps,  diflant  6  fathoms  from  the  cen¬ 
tre  of  the  one  to  the  centre  of  the  next,  and  half  that  di¬ 
stance  from  the  ends.  This  may  be  done  in  4  hours.  It 
the  galleries  were  fituated  in  a  different  foil,  than  that  we 
have  here  fuppofed,  a  trial  muff  be  made  to  determine 
from  thence  the  proper  charge. 

To  account  for  the  died:  of  powder  in  galleries  of  mines 
changed  into  trenches;  Iconfider  that  thele  galleries  are  in 
the  fame  cafe  as  a  mufketthat  is  to  be  burfi,  which  requires 
not  to  be  charged  with  a  great  quantity  of  powder.  For 
if  its  end  be  well  flopped,  when  the  powder  is  fired,  the 
flame  being  prevented  from  rulhing  out,  endeavours  to 
extend  itfelf,  till  a  fufficient  quantity  is  fired  to  overcome 
the  obitacle  that  refills  it,  opens  the  barrel  from  one  end 
V  to  the  other.  The  fame  thing  happens  in  galleries  of 
mines;  for  when  the  heaps  of  powder  are  properly  dif- 
pofed,  and  the  leaders  fo  contrived  as  the  feveral  heaps 
take  fire  at  the  fame  time,  the  flame  extends  ail  over  till 
a  Efficient  quantity  is  lighted  to  burfl  the  gallery.  From 
hence  it  follows, 

1 .  That  the  method  of  changing  galleries  of  mines 
into  trenches,  will  be  of  excellent  ufe,  efpecially  when 
the  foil  is  gravel  or  ftqivy,  which  is  improper  to  pro¬ 
ceed 
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ce^d  by  fap;  for  this  is  no  hindrance  to  the  effedt  of 
powder,  as  found  by  the  experiments  made  at  Bify, 

2.  1  hat  the  countermines,  as  commonly  made  in  a 
fortified  place,  are  a  difadyantage  to  the  befieged  indead 
of  an  advantage;  efpecially,  if  the  befiegers  have  plans  and 
profils  of  them,  becaufe  they  cannot  fpring  an  advanced 
mine,  without  giving  the  enemy  an  opportunity  to 
hurfl  their  galleries,  and  advance  to  the  covert-way 
with  very  little  trouble,  and  to  ered:  batteries  with 
fecurity. 

3.  Henceforward,  the  chance  of  the  befieged  and 
befiegers  will  entirely  be  changed,  fince  the  latter  will 
find,  difpofitions  ready  prepared,  which  will  turn  more 
to  his  advantage,  than  the  place  could  formerly  have 
received  from  them. 

4.  That  in  the  attack  of  places  countermined,  the 
befiegers  miners  will  be  of  much  greater  importance  than 
ever  5  fince  the  taking  the  covert-wTay  will  be  their  lot, 
as  Weil  as  all  thofe  works  which  have  under-ground 
communications  with  the  place,  fuch  as  the  citadel  of 
Tournay  and  many  others,  and  the  place  itfelf,  if  it  has 
any  fuch  p adages. 

5.  That  the  prefent  method  of  making  countermines, 
leading  towards  the  covert-wav,  mud  neceflarily  be 
changed,  in  order  to  prevent  the  enemy  from  turning 
the  galleries  to  his  advantage. 

Plate  III.  Fig.  17.  To  apply  our  method  of  attacking 
the  countermines  in  a  place  befieged,  I  fuppofed,  the  fird 
andfecond  parallels  made  the  latter  A,  B,  C,  to  be  di- 
dant  of  about  60  fathoms  from  the  pallifades  of  the 
covert-' way,  and  from  thence  the  trenches  are  carried  on 
in  the  capital  of  the  ravelin,  and  in  thofe  of  the  adjacent 
badions  of  the  front  attacked  *  and  after  this,  batteries 
L  are  made  of  cannons  and  mortars  to  enfilade  by  rico¬ 
chet,  the  covert-way,  and  the  ramparts  parallel  to  it, 
to  dedroy  their  defences.  During  this  time,  the  fapers 
carry  on  the  faps  towards  the  places  of  arms  in  the  co¬ 
vert  way,  both  fahant  and  rentring;  to  edablifh  the 
heatis  n  F  near  the  ends  of  the  lidners  G,  G«>  before 

the 
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the  faliant  angles,  and  the  miners  proceed  under-ground 
to  place  chambers  1,  overcharged,  between  the  extre- 
mine's  of  the  liftners  of  the  re-entring  angles  :  I  fuppofe 
they  have  taken  the  precaution  to  link  their  fbalts  as 
deep  as  the  countermines,  that  the  chambers  may  nearly 
be  upon  a  level  with  the  galleries,  and  that  the  Drafts 
are  placed  in  the  trenches  K,  which  lead  from  one  bat- 
tery  to  the  other,  not  to  interfere  with  any  other  works;' 
from  the  bottom  of  thefe  fhafts  they  make  the  galleries 
K  L  of  about  20  fathoms  loner.  This  will  be  a  work 

o 

of  4  or  5  days  to  the  eftablifhing  their  chambers,  which, 
fhould  be  finifhed  at  the  fame  time,  that  they  may  be 
fprung  together  *,  the  fapers  will  by  this  time  be  arrived 
to  the  heads  E  F,  to  induce  the  befieged  to  fpring  fome 
of  their  mines,  to  deftroy  them  ;  with  a  little  attention 
his  intention  may  be  difeovered  time  enough  to 'with¬ 
draw  the  troops. 

Suppofing,  that  they  have  fprung  2  or  3  mines  at  each 
fide,  as  foon  as  this  is  done,  the  miners  enter  into  the 
excavations  to  difeover  the  galleries,  which  they  mud: 
do  at  the  fame  time,  while  the  fapers  form  a  lodgment 
in  the  excavation.  When  the  galleries  are  found  and 
cleared,  they  flop  up  their  entrances,  to  keep  in  the  fmoke 
till  they  want  to  make  ufe  of  them.  On  the  other 
hand,  all  the  globes  of  comprefEon  are  fired,  and  from 
their  excavations  fearch  is  made  on  the  right  and  left  to 
difeover  the  liftners  -,*fo  that,  if  the  measures  have  been 
rightly  taken,  14  entrances  into  the  countermines  will  be 
found,  by  which  it  will  be  out  of  the  befieged5 s  power 
to  refill  equally  every  where;  fhould  there  be  but  half 
that  number  practicable,  it  would  be  fufficient  to  get 
pofieffion  of  all  their  mines;  of  which,  only  thofe  that 
are  convenient  to  advance  the  fieee,  are  to  be  changed 
Into  trenches. 

Observations  on  the  preceding  Theory. 

I  -4 

That  this  theory  grounded  on  the  globe  of  compref- 
fion,  is  a  great  improvement  upon  the  art  of  mining, 

mu  it 
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mull  be  allowed :  the  experiments  made  at  Bify  and  la 
Fere,  before  many  military  gentlemen,  demonfirate  its 
great  effects,  and  intirely  overfet  that  old  erroneous 
opinion,  hitherto  believed  by  miners  in  general,  that 
powder  confined  in  mines  aCts  on  the  weakefi  fide, 
and  not  downwards  nor  fide-ways.  Since  galleries 
were  deftroyed  under  and  at  the  fides  of  the  chamber,  at 
the  difiance  equal  to  four  times  the  line  of  leafi  refift* 
ance;  whereas  before  it  was  fuppofed  that  it  could  not 
make  the  diameter  of  the  excavation  above  twice  that 
line.  Therefore,  as  long  as  this  erroneous  opinion,  in¬ 
filled  upon  by  all  authors,  fubiified,  the  theory  of  mines 
could  not  be  brought  to  any  degree  of  perfection. 

I  he  method  of  throwing  the  cannons  of  batteries  placed 
on  the  covert-way,  into  the  ditch,  isnolefs  important,  frnce 
nothing  can  difhearten  the  befiegers  fo  much,  as  to  fee 
their  batteries  for  making  a  breach  deflroyed  as  oft  as 
they  attempt  to  raiie  or  repair  them.  It  may  be  obfer- 
ved  that  the  fin  all  mines  A,  Plate  I.  fig.  6.  feem  not  to  be 
abfolutely  necefTary,  provided  the  great  ones  B,  are  placed 
dircCtly  under  the  breech  of  the  gun;  for  in  this  cafe,  as 
the  part  of  the  gun  and  carriage  towards  the  place  is 
much  heavier  than  the  other,  if  the  mine  be  properly 
charged,  muft  throw  the  guns  towards  the  ditch,  with¬ 
out  the  help  of  thefe  fmall  mines ;  for  this  has  been 
efFefted  by  one  mine  only,  at  By  fleet  camp,  fome  years 
ago,  by  Matthew  Clark,  one  of  t fie  greatefi  engineers  of 
his  time. 

The  greatefi  advantage  of  this  theory  confifis  In 
changing  the  galleries  of  countermines  into  trenches  of 
an  attack;  fince  it  reduces  the  mofi  dangerous  and  dif¬ 
ficult  part  of  a  fiege,  which  is  that  from  the  third  paral¬ 
lel  to  the  intire  pofleffion  of  the  covert-way,  into  a  very 
fhort  and  fafe  method,  fuppofing  the  place  counter¬ 
mined.  This  method  is  however  liable  to  fome  ob¬ 
jections  :  M.  Belklor  mentions  one  ;  which  is,  that  it  may 
fye  Jaid ,  the  countermines  in  the  place  of  arms  not  having 
been  defended ,  it  is  not  to  he  wondered  that  fuch  an  advan¬ 
tage  has  been  made  of  them:  without  any  other  anfwer  than 

what 
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what  is  daily  pradlifed  at  la  Fere.  Now  if  the  befieged 
are  prevented  by  the  fmoke  to  enter  into  the  galle¬ 
ries,  does  not  the  fame  difficulty  obftrudt  the  befiegers  ? 
It  is  true,  he  fays  afterwards,  that  the  entrance  from  the 
excavation  is  kept  flopped  till  they  want  to  ufe  them, 
and  when  opened,  the  air  enters  at  one  end  and  drives 
out  the  fmoke  through  the  other.  But  then  fo  foon  as 
the  gallery  is  cleared  from  the  fmoke,  it  may  be  entered  at 
both  ends,  by  which  the  befieged  can  with  an  equal  ad¬ 
vantage  defend  them,  as  the  befiegers  to  get  poffeffiom 
And  if  the  befieged  are  aware  of  the  enemies  defign,  they 
may  flop  the  entrance  on  their  fide,  by  which  it  will  be 
impoffible  for  them  to  make  ufe  of  them  again  ft  the 
place.  It  is  true  that  the  befieged  deprive  themfelves 
of  the  ufe  of  the  reft  of  their  countermines,  unlefs  they 
are  loaded  and  flopped  beforehand,  which  is  not  to  be 
done  in  certain  circumftances. 

If  thefe  flratagems  ffiould  be  forefeen  by  the  befieged 
and  prevented  moftly,  yet  by  means  of  the  globe  of 
compreffion,  their  galleries  may  be  deftroyed  fo  as  to  be 
quite  ufelefs,  the  befieged  will  be  enabled  to  proceed  in 
their  trenches,  and  raife  their  batteries  without  any  other 
difturbance  but  from  above-ground.  From  whence 
it  clearly  appears,  that  the  countermines,  formerly  the 
greateft  obftacle  of  a  fiege,  are  now  of  very  little  advan¬ 
tage  to  a  fortified  place. 

The  great  effedt  of  powder,  though  not  confined,  as 
hitherto  thought  neceflary,  has  been  known  long 
ago.  In  the  duke  ofx  Sully’s  memoirs,  page  136, 
odlavo  edit.  vol.  I.  we  find  this  remarkable  paffage; 
“  the  king  of  Navarre  took  Monfegur.  Captain  Milon 
**  inclofed  five  hundred  pounds  of  powder  in  a  bag, 
“  which  he  found  means  to  introduce  into  a  drain,  from 
cc  the  town  into  the  ditch  between  two  principal  gates 
€e  of  the  town;  the  end  of  the  leader  was  hid  in  the  grafs. 
“  Every  thing  being  ready  to  play  off  this  machine, 
“  the  king  gave  us  leave  to  go  and  fee  its  effedl  ;  which 
iC  was  furprifing.  For  one  of  the  gates  was  thrown 

into  the  middle  of  the  town,  and  the  other  into  the 

N  “  field 
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€i  field,  fifty  paces  from  the  wail:  all  the  vaults  were 
**  defltoyed,  and  a  paffage  was  made  in  the  wall  for 
€C  3  men  to  enter  a-breaft,  by  which  the  town  Was 
€<  taken/3' 

M.  Vail  ie  re’s  Differ  tat  Ion  on  Mines,  and 
their  Advantages  in  the  Defence  of 
Places. 

I  fliall  not  give,  in  this  differtation,  the  conftrudion 
of  mines  or  countermine^  the  pofition  of  liftners,  cham¬ 
bers,  their  charges,  nor  the  manner  of  thing  them  ; 
but  only  a  general  idea  of  the  advantages  which  may  be 
drawn  from  eon nter min es,  if  they  were  conftructed  and 
defended  as  they  ihould  be.  To  explain  every  thing,  it 
would  be  neceflary  to  enter  into  the  particulars  of  the 
pra&dce,  befides  trigonometry ;  treat  of  the  theory  of  the 
coMifion  of  bodies ;  the  communication  of  motion  ;  the 
reiiftaitce  of  id! ids  on  the  various  forces  of  percuffion, 
and  eiafticity  of  the  flame,  atifing  from  different  quan¬ 
tities  of  powder  on  the  time ;  the  different  manner  of  its 
inflammation,  in  different  fire-arms,  according  as  the  fire 
is  conveyed;  and,  in  ftiort,  into  the  phyfico- mathemati¬ 
cal  knowledge,  which  requires  a  chain  of  demon  fixations 
fufficient  to  fill  a  large  volume,  of  which  this  difcour-fc 
could  only  ferve  as  a  preface. 

When  Spain  made  the  cooqueft  of  the  kingdom  of 
Naples  from  the  French,  Francis  George,  an  Italian  ar¬ 
chitect  at  Naples,  propofed  to  Peter  Navarre,  the 
Spanifb  general,  befleging  at  that  time  the  caftle  del 
Ova,  a  method  of  becoming  foon  mailer  of  this  caftle ; 
the  French  who  defended  it,  were  the  ftrft  who  felt  the 
effedt  of  powder  in  mines ;  the  architeff,  whether  by 
knowledge  or  by  chance,  placing  the  powder  in  fuck 
a  manner,  that  he  threw  the  wall  and  garrifon  into  the 
fea.  This  was  then  the  origin  of  the  artificial  yulcano, 
invented  to  facilitate  the  taking  of  places;  but  it  is  found 
on  the  contrary,  that  it  is  more  advantageous  in  the 
defence,  without  having,. as  yet  been  rightly  confidered. 
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It  is  known,  that  the  perfe&ion  of  arts  and  faiences  is 
referved  to  fucceeding  generations.  With  refpedt  to  the 
fcience  of  mines,  judging  from  what  has  been  pradtifed, 
there  are  certain  principles,  which,  according  to  all  ap¬ 
pearances,  have  not  as  yet  been  difcovered;  and  from 
which  are  deduced  fuch  fadts  and  advantageous  mean$ 
for  the  defence  of  places,  as  would  be  unpardonable  in 
its  to  have  negledted. 

What  I  have  feen  beft  on  the  effedf  and  confirudtion 
of  mines,  are  memoirs,  containing  feveral  experiments 
of  mines  made  fince  thefe  twenty- five  years;  giving  the 
charges  of  mines  pretty  exadtly,  and  the  diameters  of 
the  excavations,  according  to  their  different  lines  ofleaft 
refinance;  I  fay  pretty  exadtly,  becaufe  there  is  a  certain  rule 
and  geometrical  accuracy  to  be  obferved  in  thefe  things, 
not  mentioned  in  thofe  memoirs.  For  infiance,  it  has 
been  found  in  practice,*  that  alefs  quantity  of  powder  is 
required,  in  proportion  to  the  earth,  in  large  mines  than 
in  fmall:  the  reafon  given  by  fome  is,  that  a  great  quan¬ 
tity  of  powder  produces  a  greater  force  in  proportion  than  a 
lefs :  but  thofe  that  argue  in  this  manner  would  foon  have 
difcovered  their  error,  had  they  confidered,  that  not  only 
the  weight  to  be  raifed  is  to  be  confidered,  but  likewife 
the  tenacity  of  the  parts ;  and  as  the  tenacities  are  propor¬ 
tional  to  the  furfaces,  and  the  weights  to  the  folid  formed 
by  the  excavation ;  and  the  furfaces  of  large  bodies  are 
lefs  in  proportion  than  in  fmall ;  the  charges  of  large 
mines  fhould  be  lefs  in  proportion  than  thofe  in  fmalh 

This  difcourfe  on  the  proportion  of  charges  only,  fhews 
the  neeeffity  of  geometry  in  the  ufe  of  mines  ;  the  bare 
\  knowledge  of  the  pradtice  is  not  fufficient  to  underfiand 
what  has  here  been  faid  :  there  are  befides  other  cafes, 
wherein  it  rarely  fucceeds,  though  it  be  fufficient  in  the 

N  2  attack 

*  All  the  fubfequent  argument  appears  to  be  without  foundation, 
by  all  the  experiments  made  at  la  Fere  at  different  times.  For  it  was 
found  that  the  charges  were  always  proportional  to  the  quantities  of 
earth  blown  up,  or  the  globe  of  comprelfion.  M.  Valliere  has  not 
leffened  the  charges  of  large  mines  in  his  tables ;  which  aifo  con¬ 
tradict  what  is  here  faid. 
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attack  of  a  place  not  countermined;  becaufe  when  no- 
thing  obflrudls  the  miners  paffage,  it  is  eafy  to  blow  up 
a  counterfcarp  and  make  a  breach  in  a  baftion,  and  if 
fome  mines  do  not  fucceed,  it  is  owing  to  the  ignorance, 
fcarcely  pardonable,  of  thofe  who  undertake  to  conflrudt 
them,  unlefs  fome  unforefeen  heterogeneous  matter  in¬ 
tervenes,  and  forces  the  powder  to  act  differently  from 
what  it  would  have  done  in  an  uniform  foil ;  but  this 
accident  happens  oftner  through  ignorance  than  any  thing 
dfe,  becaufe  a  fkilful  miner  commonly  knows  where 
thefe  inconveniences  are  to  be  apprehended,  and  if  he 
does  not  know  how  to  remedy  them,  he  fhould  at  lead: 
give  notice  to  the  general. 

It  has  not  yet  been  rightly  diftinguifhed,  how  far  the 
word  Countermine  agrees  to  mines  prepared  for  the  de¬ 
fence  of  places  ;  all  know  how  much  they  intimidate 
the  befiegers,  but  the  harm  they  have  hitherto  done  is 
nothing  in  comparifon  to  what  they  may  do,  and  what 
obftru&ion  they  may  make.  I  ffiall  net  pretend  to  fay, 
that  they  may  render  a  place  abfolutely  impregnable, 
but  I  do  not  fee  how,  with  equal  fkil],  to  overcome 
all  the  obftacles,  nor  to  fucceed  in  an  attack  of  a  place 
countermined  properly,  and  fkilfully  'defended. 

It  is  prefuppofed  that  1  mean  the  fituation  of  a  place 
proper  for  mines,  well  fortified,  with  a  fufficient  gar- 
rifon  to  defend  it,  provided  with  warlike  ffores,  provi¬ 
sions,  and  every  thing  elfe,  which  experience  has  ffiewn 
to  be  neceflary. 

A  miner  that  knows  how  to  life  countermines  con- 
ffru&ed  as  they  fhould  be,  may  flop  the  enemy's  miners, 
ilifie  them,  or  deftroy  their  works  in  fuch  a  manner,  as 
to  make  it  impoffible  for  others  to  return  to  the  fame 
place,  or,  if  he  pleafe,  let  them  enter  the  galleries,  block 
up  the  paffage,  and  take  them  prifoners,  or  kill  them  if 
thought  proper.  In  fliort,  the  befieged  who  know  how 
to  take  all  advantages,  will  be  mailer  of  the  fate  of  their 
enemies:  for  without  mentioning  all  the  traps  and  ftra- 
t  age  ms  which  the  enemies  cannot  forefee;  finding  it  im¬ 
poffible 
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poflible  to  advance,  and  the  underground  palfages  being 
Hopped,  and  not  being  able  to  make  mines  that  can  be 
of  any  ufe  to  them  ;  if  neceffity  obliges  him  to  brave  the 
mines,  and  to  carry  on  the  attack  above-ground,  he  muft 
be  very  obftinate  to  perfift  in  fpite  of  all  the  hardfhips 
that  the  befieged  can  make  him  endure,  not  only  in  ma¬ 
king  his  approaches,  but  likewife  in  making  his  lodg¬ 
ment  on  the  covert  way,  and  every  where  elfe,  where 
he  dares  to  carry  on  this  work. 

if  he  proceeds  by  fap  to  the  covert-way,  it  will  be 
proper  to  give  him  notice  from  time  to  time,  by  fame 
mines,  of  the  danger  he  is  in ;  if  he  makes  his  attack 
fword  in  hand,  mines  appear  then  ufeleik;  yet  they  may 
ftartle  the  troops  during  the  attack,  and  bury  fomemen; 
but  as  the  excavations  may  ferve  for  lodgments,  it  will 
be  better  to  referve  the  mines  for  difturbine  the  work, 
and  consequently  to  gain  time,-  befides,  thefe  firft  mines 
ihould  not  be  loaded  till  they  are  to  be  ufed,  in  order 
to  be  always  ready  to  prevent  the  enemy  from  advancing, 
which  cannot  be  done,  if  they  are  charged  before.  The 
enemy  being  arrived  to  the  covert-way,  may  attempt  to 
re-enter  the  ground,  whilft  he  compleats  his  lodgment; 
but  he  will  again  be  obftrudted,  and  find  on  all  lides 
the  fame  difficulties  as  before.  So  loon  as  he  begins  to 
raife  batteries  for  making  a  breach,  it  will  be  proper  to 
deftroy  all  the  lodgments  on  the  covert- way  by  the  up¬ 
per  moft  mines,  for  very  good  reafons,  and  not  wait  till 
the  cannons  are  mounted ;  for  thefe  fmall  mines  loofen 
the  earth  where  the  cannon  are  to  be,  by  wffiich  the 
next  mines  will  throw  the  cannon,  when  mounted,  to¬ 
wards  the  town.  Thefe  batteries  being  repaired,  and 
the  cannon  mounted,  which  cannot  be  done  in  a  fhort 
time,  the  mines,  which  I  fuppofe  properly  difpofed  and 
charged,  will  throw  the  cannon,  a  fecond  time,  into  the 
ditch  of  the  place.  Such  an  adventure  muft  aftonifh  an 
enemy,  for  here  is  another  battery  and  lodgment  to  be 
made ;  and  when  other  mines  throw  the  cannon  again 
into  the  ditch  a  third  time,  if  he  is  bold  enough  to 
venture  railing  batteries  again,  he  will  meet  with  the 
feme  reception.  In  Ihorr,  when  there  is  a  depth  of  earth 
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of  2^  or  30  feet,  it  is  eafy  to  blow  up  the  fame  furface 
near  the  covert-way,  6  or  7  times,  which  certainly  is 
more  than  fufficient  to  difhcarten  the  moft  obftinate 

enemy. 

Thefe  mines  diould  be  difpofed  in  fuch  a  manner  as 
not  to  damage  the  parapet  of  the  covert-way,  that  it 
may  remain  in  a  condition  to  be  occupied  as  oft  as  the 
lodgment  is  demoliftied;  at  the  fame  time  the  faps, 
communications,  and  parallels,  by  which  the  enemy 
maintains  his  lodgment  on  the  covert-way,  mud  not  be 
fpared,  fome  mines  muft  continually  befprung,  with  the 
precaution  to  deftroy  always  thofe  works  which  are  found 
moft  complete. 

It  mud  here  be  obferved,  that  if  the  depth  of  earth 
near  the  covert-way  admits  of  being  blown  up  6  or  y 
times,  it  is  eafy  on  a  level  ground  of  that  depth  to  dii- 
pofe  the  chambers  of  mines  in  fuch  a  manner,  as  to  blow 
up  the  fame  fpot  20  times  all  over  the  glacis  and  beyond 
it,  becaufe  they  are  not  confined  on  one  fide,  as  thofe 
near  the  covert  way. 

If  the  mines  made  it  impracticable  to  make  a  breach 
with  cannons,  and  yet  the  enemy  is  obdinately  bent  to 
purfue  his  enterprize,  what  meafures  can  he  take  ?  Will 
fie  have  recourfe  to  efcalades  ?  This  fcheme  is  chimerical, 
and  little  to  be  feared,  for  a  garrifon  that  knows  how 
to  defend  ltfelf.  I  mention  this,  becaufe  I  happened 
to  be  at  Landau  whenbefieged  in  1704,  where  the  gar¬ 
rifon,  Lave  as  it  was,  having  done  all  that  could  be 
expeCted,  were  at  lad  in  fear  of  an  efcalade ;  on  which 
fufpicion,  they  determined,  after  2  days  debate,  unfea~ 
fonably  to  let  the  watet  into  the  ditch.  Will  the 
enemy  have  recourfe  again  to  mines  ?  There  are  but  two 
ways  to  arrive  at  the  place  or  outwork  ,  the  one,  to  pafs 
under  the  ditch  from  the  covert-way ;  a  tedious  work,  in 
which  he  certainly  will  be  obftrufted;  the  other,  to 
throw  the  counterfcarp  into  the  ditch,  and  to  pafs  it  by 
means  of  an  epaulement.  In  both  ways  he  may  fuf- 
iciently  be  obdruCIed,  to  be  dilheartened.  But  fuppofe 

he  arrives  to  the  body  of  the  work*  a  principal  gallery 

with 
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with  liftners,  placed  behind  the  fcarp,  will  render  Ms 
fuccefs  impoffible. 

The  prefent  pra&ice  is,  that  the  enemy  advances  to 
the  covert-way  by  means  of  covert-daps,  that  is*  by  un¬ 
derground  galleries,  leaving  only  half,  or  a  foot  of  earth 
over  their  heads;  then  throwing  down  this  head*  their 
lodgments  are  aim  oil  quite  finifhed.  Nothing  is  more 
eafy  than  to  hop  this  work,  and  to  oblige  the  enemy  to 
proceed  in  another  manner,  if  thought  proper. 

From  thefe  general  hints  of  countermines  it  appears 
what  may  done,  when  joined  to  a  proper  conduff  of  the 
garrifon,  which  may  and  jfhould,  by  a  well-regulated 
conduct,  contribute  to  the  entire  deftru&ion  of  the  ene¬ 
my,  in  taking  advantage  of  all  the  diforders  he  is  put  in, 
by  the  effects  of  countermines.  It  moil  be  confeffed, 
that  this  is  the  beft,  and  perhaps  the  only  defence,  from 
which  fuch  great  advantages  can  be  made. 

As  we  have  not  as  yet  heard  or  feen  a  defence  of  this 
nature,  what  I  have  laid  in  favour  of  countermines, 
may  perhaps  appear  a  mere  imagination;  yeti  advance 
nothing  but  what  is  grounded  on  theory  and  confirmed, 
by  experience ;  it  is  matter  of  fact,  and  I  not  only  can 
afTert  the  poffibility,  but  likewife  the  ealieefs  of  its  exe¬ 
cution. 

No  countermines  I  have  feen,  in  the  feveral  attacks. 

1  have  been  at,  were  di'fpofed  in  a  proper  manner,  eor  all 
the  advantage  made  of  them,  if  properly  exerted.  It  is 
true,  that  thefe  advantages  depend  on  fuch  mechanical 
principles  as  are  taught  by  geometry,  which  few  miners 
are  acquainted  with. 

\  I  mull  own,  that  15  or  20  miners  commonly  fent 
into  a  place  befieged  are  by  no  means  fofficieot ;  for  the 
moil  that  they  can  do,  is  to  make  a  few  mines  here  and 
there  under  the  glacis,  which  only  frightens  the  enemy , 
without  doing  any  great  harm ;  the  little  time  that  is 
gained  by  them  is  not  worth  mentioning.  Belides,  for 
want  of  communications,  the  mines  mult  be  charged  at 
the  approach  of  the  enemy  to  the  covert-way,  which  is  a 
great  difadvantage ;  to  this  I  may  add,  that  if  the  num- 

N  4  her 
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ber  of  miners  were  greater,  if  their  works  are  not  begun 
before  the  fiege,  the  (filiations  are  oft  fuch,  that  very 
little  refource  can  be  expected  from  them. 

To  prepare  fuch  countermines  as  I  propofe,  requires 
time  and  expence,  but  neither  are  fo  confiderable  as 
might  be  imagined:  in  3  or  4  months,  if  no  rock  inter¬ 
venes,  a  place  may  be  Efficiently  countermined,  as  far  as  60 
or  70  fathom  from  the  covert-way,  fuppofing  a  Efficient 
number  of  workmen.  As  to  the  expence,  it  is  a  mere  trifle, 
in  comparifon  to  the  many  millions  oflivres  the  fortification 
of  a  place  cofts,  to  preferve  which  requires  all  the  care 
and  precaution  that  is  poffible;  for  in  a  front  of  a  poly¬ 
gon  of  200  fathoms,  1  fuppole  requires  2000  fathoms  of 
galleries,  which  may  perhaps  coft  35000  livres  in  ma¬ 
terials  and  workmanfhip,  and  100,000  lb.  of  powder  in 
referve  for  that  ufe. 

It  muff  be  obferved,  that  if  fuch  a  work  be  underta¬ 
ken,  it  fhould  be  carried  on  with  all  fpeed,  and  without 
intermiffion ;  all  the  parts  of  a  place,  fufceptible  of  ma¬ 
king  mines,  fhould  be  finifhed  together,  for  it  would  be 
dangerous  to  be  attacked  in  a  front  not  prepared,  whilft 
all  the  others  are  ;  it  will  befides  inftruCt  the  enemy  of 
your  condition,  which  he  always  difcovers  too  foon. 

Thefcience  of  countermines  has  a  fuperiority  over  that 
of  fortification,  becaufe  the  latter  is  partly  arbitrary, 
whereas  the  former  is  determined  by  the  fituation  of  the 
works  and  nature  of  the  foil:  another  advantage  the 
mines  have,  no  lefs  confiderable  than  the  former,  is,  that 
the  pofition  of  thefe  mines  may  be  fo  varied,  as  to  be 
im poffible  for  the  moft  experienced  enemy  to,  gain  any 
intelligence  of  them. 

The  galleries  fupported  with  wood,  are  eafier  defended, 
and  more  commodious  to  avoid  certain  accidents,  than 
thole  made  of  mafonry  ;  but  as  wood  decays,  it  is  more 
convenient  to  make  thofe  galleries,  which  are  to  ft  and  a 
confiderable  time,  with  mafonry,  by  ©bferving  however 
to  make  the  roof  fiat,  inftead  of  round  as  they  are  com¬ 
monly  made,  to  prevent  certain  accidents.  As  to  the 
objections  which  may  be  made  againft  this  method  of 

making: 
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making  countermines;  the  moil  material  is,  that  the 
miners  cannot  enter  thofe  galleries  filled.  w  ith  fniohc 
arifing  from  the  fpnnging  of  a  former  mine,  which  fuf- 
focates  them;  but  thefe,  and  other  inconveniences,  may 
be  avoided,  by  a  particular  condru&ion  of  thefe  galleries, 
which  purifies  the  air,  and  makes  it  circulate** 

General  Conftru&ion  of  the  feveral  Stages 

of  Countermines. 

Fig.  18,  in  the  line  g  H,  reprefentingtheilopeofthe 
glacif,  take  the  line  g  F,  equal  to  4,  5,  or  6  feet,  for 
the  thicknefs  of  earth  to  be  left  to  ferve  as  a  parapet  to 
the  covert-way :  take  F  z,  equal  to  half  thediametei  of 
the  excavation,  and  zO,  the  perpendicular  to  F  H  to  the 
line  of  lead  refidance;  then  the  line  F  L  will  reprefent 
the  fedtion  of  the  plane  in  which  the  feveral  ft  ages  of 
countermines  are  placed.  In  order  to  find  tne  didances 
of  the  chambers  in  that  plane,  take  O  M,  M  L,  each 
tqual  to  F  O,  and  the  points  O,  M,  L,  will  reprefent 
the  centers  of  the  chambers:  this  may  be  carried  on  to 
any  depth.  This  condru&ion  is  evident  from  M.  Be- 
lidor’s  principles,  that  the  charges  of  mines  are  propor¬ 
tional  to  the  cubes  of  the  radii  or  lines  OF,  M  O,  L  M, 
of  the  globe  of  compreffion. 

M.  Valliere  will  have  the  line  M  O  always  equal  to 
the  line  of  lead  refidance,  O  z,  of  the  mine  next  above 
it ;  but  obferves,  that  in  a  foil  of  an  uniform  denfity, 
experience  fhews  that  thefe  lines  are  to  be  increafed  by 
one  third  of  the  line  of  lead  refidance ;  fo  that  if  the 
\  line 

*  What  this  particular  conftru&ion  of  galleries,  which  M.  Valliere 
mentions  here,  is,  remains  as  yet  a  fecret ;  nor  can  it  be  guefs’d  at: 
for  if  he  means  that  air-holes  may  be  made  from  diftance  todiltance, 
they  may  be  difcovered  from  above,  and  either  Hopped,  or  fome 
linking  compolition  thrown  through  them  into  the  galleries,  and 
thereby  increafe  inftead  of  diminifhing  the  danger  :  or  whether,  the 
galleries,  by  having  feveral  entrances,  and  a  communication  with 
one  another,  can  be  freed  by  this  means  from  the  fulphurous  fmoke, 
foon  enough  to  be  entered  and  defended  when  required,  c^n,  in  thy 
opinion,  only  be  known  from  experience. 


B  E  L  I  D  O  R,  Src.  . 

line  of  lead  refinance  Oz  is  i2  feet,  O  M  fhotild  be  1 6; 
jyhich  anfwers  our  conflrudtion  nearly.  He  fuppofes 
like  wife  in  his  conftru&don,  that  the  diameter  of  the 
excavation  is  always  double  the  line  of  lead  refinance  ; 
but  we  have  proved,  that  it  may  be  triple  or  quadruple 
of  that  line.  It  is  therefore  ne cedar y  in  this  conftru&ion 
to  determine  the  ratio  of  the  lines  F  z  and  z  O,  from  the 

charge,  to  determine  the  plane  FL  of  the  feveral  Rages 
of  mines. 

Fig.  1 9*  fhews  the  dbpofition  of  the  chambers  of  the 
countermines,  in  a  fection  of  the  glacis  parallel  to  the 

covert-way  ;  and  how  they  fhoukl  be  placed  under  each 
other. 


Explanations  of  the  Figures* 


P  L  A  T  E 
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Fig.  I.  Shews  the  figure  of  an  excavation. 

.rig.  2.  Shews  how  the  fame  battery  has  been  blown  up  3  times 
Jay  3  mines  C,  D,  E,  placed  below  each  other., 

JjS-  3’  Shews  the  plan  of  the  galleries  and  chambers. 

V  ig.  4.  Profil  of  the  fame  mines  lengthways  of  the  battery. 

£  ig.  5’  Shews  how  a  battery  is  blown  up  once  only, 
v  ig.  6.  I  he  plan  of  the  galleries  of  the  preceding  mines. 

Fig.  7.  Plan  of  mines  conftrudkd  at  Bify,  to  (hew  theefFedt 
of  the  globe  of  eompreffion. 

Chamber,  whofe  line  of  leafl  refinance  was  12  feet,  and 
loaded  with  3000  lb.  of  powder. 

I  F.  Gallery  69  feet  long,  going  from  the  bottom  of  the  pit  L 
.  and  pa  fling  14  feet  under  the  chamber  E. 

H  yo  Branch  from  the  gallery,  14  feet  lower,  and  8  diftant 

trom  the  chamber  E. 

bfy  S.  ^Seciion  thro’  BA,  palling  thro’  the  chamber  E. 

YZX  The  gallery  going  from  the  pit  I,  Hoping  18  inches 
from  Y  to  X,  the  reft  being  level. 

%■ .  G  Iioi  1  z  out  a]  line,  and  O  N  the  Hope  of  the  vround  of 
,  5  feet  R°m  die  gallery  A  to  the  gallery  B. 

R  S.  A  perpendicular  of  26  feet. 

I  ig.  9.  Section  thro  F)  C  of  the  plan  palling  likewife  thref 
the  chamber  F,  and  the  galleries  D,  C. 
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PLATE  II. 

F;„  10  it.  Shewing  the  extent  of  the  excavation  made  by 

^  the  chamber  E,  fig.  7>  and  the  parts  burft  of  the  high  and 

low  galleries.  _  .  . 

Fig,  12.  The  plan  of  a  place  of  arms  D  in  a  covert-way* 

countermined,  , 

Flo-,  iv.  The  fame  place  of  arms,  as  appeared  when  the 

galleries  were  blown  up,  to  make  trenches,  _ 

Fjg.  14,  The  fame  as  the  two  former,  only  cleared  ana 
traverfed,  to  prevent  being  enfiladed. 

(Te.7  A  fe&ion  of  the  13th  figure.  „ 

pig*  7^6,  j  A  fedion  through  the  14th  figure,  formed  into 

fteps, 

PLATE  HE 

Firr  1*7  Shews  the  plan  of  an  attack  of  a  place  countermined* 
1  T-he  great  circles,  I,  reprefent  the  effedts  of  the  globes  of 
compreffion  ;  and  the  little  circles  the  countermines  fprung 
by  the  beiieged  to  blow  up  the  advanced  faps  of  the  he- 

fiegers. 
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A  Scheme  to  improve  Artillery, 

■  Poi  Sea  and  Land  Service. 

THE  indifpenfable  neceility  of  having  a  very  lap*  <? 

*  ttillery,  for  Sea  and  Land  Service,  and  the  ex¬ 
traordinary  expence  attending  it,  induces  me  to  hope 
that  this  propofa  for  reducing  the  weight  and  expences, 

may  be  acceptable;  efpecialiy  as  no  nation  have  as  yet 
made  any  fuch  attempt. 

r  lh!VS  \°  be  cPnfidered  under  two  heads  :  the  one  to 
dimimfh  the  wdghts;  and  the  other  not  to  ufe  any 
_rafs  field  artillery,  but  only  iron  ;  to  lefien  the  great 

,  U.rt¥n  0l’r  “'Ps  war,  and  to  carry  larger  cali¬ 
bers  than  thofe  of  other  nations  of  the  fame  rare.  If  the 

weights  of  our  guns  are  diminiihed,  they  will  require 

2nts  t0  manage  them,  and  of  confequence,  a 

f  f/  number  'pll  be  expofed  to  danger  at  a  time  : 

an  ,  ,  }ve,  carry  larger  calibers,  our  rates  will  be  a 
matcn  for  larger  mips 

The  advantage  of  tiling  iron  guns  in  the  field  inftead  of 
ora^s,  will  be  that  the  expences  are  leffened  in  propor¬ 
tion  to  the  coft  of  brais  to  that  of  iron,  which  is  as^  to  i. 

i  he  only  objection  againft:  iron  is,  its  pretended  brit- 
tt  cne‘S  ’  but  as  we  abound  m  iron,  that  is  ftronger  and 
ougher  than  any  brafs,  this  objedtion  is  invalid.  This 
s  can  axiert  :  having  fetn'iome  that  cannot  be  broke  by 
any  force,  ana  will  flatten  like  hammer’d  iron :  if  then 
we  ufe  fuch  iron,  there  can  be  no  danger  of  the  guns 
burfting  m  the  moft  fevere  adtion.  S 

I  hough  brafs  guns  are  not  liable  to  burft,  vetthev 
are  Loner  rendered  unferviceable  in  adtion  than  iron, 
p' tiie  fo!tne;s  ot  the  metal,  the  vent  widens  fo  foon, 

f!ld  l.‘1Cy  are  Iiable  t0  bend  at  the  muzzle,  that  it  would 
oe  .  dangerous  to  fire  them  ;  as  we  have  found  by  ex- 

pa  lence  a;  Lelleifle,  and  where  we  have  been  obliged  to 
take  guns  irom  the  fhipsto  finifh  the  fieoe.  ° 

?  'rjLefe  bciDg  undeniable  fads,  no  poffible  reafon  can 
be  affigned  againft  ufmg  iron  guns  in  both  fea  and  land 
ferv'ce>  and ‘hereby  leflen  the  expences  of  artillery,  fo 
eoafidcrabiy  as  will  appear  by  the  following  tables/ 

Length 


1 


V 
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Leno-th  and  Weights  of  Iron  Ship  Guns. 

OLD  PIECES.  J  NEW  PIECE  S. 


j  CaBb. 

Length 

Weigh 

t 

t 

Calib. 

engch 

Weigh  : 

_ 

Ft. 

In. 

Ft. 

In. 

- 

3 

4 

6 

7 

t 

7 

3 

3 

6 

3 

3 

o' 

4 

6 

0 

12 

2 

13 

6 

4 

4 

7 

2 

0 

; 

1  6 

e* 

J 

0 

1 7 

I 

J4 

9 

5 

0 

1 1 

1 

O 

1  9 

7 

0 

23 

2 

2 

1 2 

5 

6 

1  ^ 

1 

0 

O 

12 

9 

0 

32 

3 

3 

18 

6 

4 

22 

2 

O,' 

1  18 

9 

0 

4! 

I 

8 

24 

7 

0 

3° 

0 

O 

24 

*  9 

0 

48 

0 

0 

1 

32 

7 

6 

4a 

0 

O 

32  . 

1 

9 

6 

53 

3 

i 

42 

8 

4 

52 

V- 

2 

°r 

L 

1 0 

0 

U 

1 

J 

4s 

8 

6 

60 

0 

0 

I-."- --^*1 

Guns  of  this  coaftrudHon  appear  lufficiently  flrong 
from  the  proof  of  two  three-pou nders,  made  for  Lord 
Egmont,  and  that  they  may  even  he  made  lighter  and  of 
equal  fervice. 


Length  and  Weight  of  Battering  Pieces.  ■ 


OLD  BRASS. 


j  Laisb. 

1 

Length  t  Weight. 

6 

Ft.  In. 

3  0 

19  0  0 

I  9 

9  0 

25  0  0 

1 2 

9  0 

29  0  o’ 

18 

9  6 

48  0  0 

1 

r- 

1  ^4 

9  6 

0 

0 

fc-4 

5 

i  32 

10  0 

55  2  ° 

Total  227 


N  E  W  IRON. 


Calib. 

Length' 

Weight.  1 

6 

Ft  In  . 

6  1 

9  1  ° 

9 

7  0 

0 

0 

!  2 

CO 

t>» 

6 

0 

00 

*-< 

00 

*  t— 4 

9  0 

29  I  O 

24 

00 

QS 

37  3  0 

1  32 

9 

I42  0  0 

Total  151  o 

DifF.  76.  2  o 

That 
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That  thefe  guns  are  fufhciently  ftrong,  Is  evident  from 
the  former  trial;  befldes,  there  are  feveral  32  pounders 
of  the  fame  dimenfions  and  weight  now  exifting  and  fer- 
viceable,  though  call;  in  King  Charles  the  Seconds  time. 

N.  B.  Thefe  battering  pieces  may  ferve  in  Garrifons. 

It  appears  from  thefe  tables  that  no  proportion  has 
beeen  obferved  in  any  guns  hitherto  made,  in  refpect  to 
their  length  or  weight,  but  merely  by  guefs. 


t 


Some  examples  to  Jhew  what  may  he  faved  by  this  fchemL 
The  Royal  George  carries  a  hundred  brafs  guns, 
'which  weigh  together  2 1 8.2  tons,  the  ton  coil  1 30  pounds, 
workmanfhip  included. 

The  expence  of  thefe  guns  is  then  -  -  28366  pounds 
A  fet  of  the  iron  guns  of  the  fame 
number  and  calibers,  according 

.  O 

to  my  conftrudtion,  weighs 

The  ton  coft  i  6  pounds,  and  the  1  „  , 

whole  fet  1  2044-8  pounds 

The  Royal  George  carries  then 
90.4  tons  more  than  is  ne« 
ceffary,  and  the  difference  be¬ 
tween  the  expence  is 
That  is  12.5  times  more  than  the  new  Iron  fet  coifs  1 
or  twelve  fhips  of  the  fame  rate  may  be  fitted  out 
lefs  charge. 


a  frf  of  the  •(  01(1  1  ir011S  SUnS  for  3 $  204.47 

tNewl  firft-rate  weighs'  127.83  t0 
The  difference  betwen  the  weights  ?  ,  > 
of  the  old  and  new  is  p  6.6  tons 

The  difference  between  the  expence?  ^  , 

*  t  1  *  2  f » 0  pounds 

is  then  3  •  A 

A  fet  of  brafs  battering  pieces  weighs  1 1.3  6  tons 

A  ton  coil  130  pounds,  and  the  fet  1476.8  pounds 

A  fet  of  the  new  weighs  -----  7*5$  tons 

The  ton  cofts  16  pounds,  and  the  fet  117.8  pounds 

That  is  11  times,  and  632  over,  more  than  the  new 

fet,  or  eleven  fets  of  the  new,  could  be  made  at 

lefs  expence  than  one  of  the  old. 


The 
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This  table  fhews  what  may  be  fayed  in  the, Navy; 
and  if  we  add  thofe  on  board  floops,  the  different  garri¬ 
sons,  and  the  field  train,  with  the  great  expence  of  their 
carriage  in  the  fields  it  may  be  found  pretty  near  as  much 
more* 


No  mb. 
of 

lOuns. 

'*  .|  — - 1  -—y . . . 

Weiglit  - 
of 

Old. 

Weight 

of 

New. 

Differ. 

No. 

f 

Ships. 

, 

Total 

Difference 

100 

4367 

3 

2556 

0 

18 1 1 

3 

s 

9058 

0 

1  9° 

3537 

3 

2001 

0 

1536 

0 

0 

9 

13827 

3 

80 

3  108 

3 

1827 

0 

1287 

3 

7 

9014 

1 

74 

309 1 

0 

184O 

2 

,1250 

2 

32 

40016 

c 

i  7° 

2997 

0 

1796 

2 

1200 

2 

10 

12005 

© 

> 

1  64 

2543 

3 

7305 

0 

1 228 

2 

23 

28485 

t) 

2 

60 

2177 

3 

I  185 

0 

972 

3 

3° 

29782 

2 

5© 

1 88 1 

s. 

IO35 

0 

846 

1 

19 

16078 

3 

44 

1365 

2 

7°5 

0 

660 

2 

8 

5284 

0 

40 

1234 

2 

3 1 2 

2 

922 

0 

9 

8298 

-Q! 

36 

963 

3 

450 

0 

5*3 

3 

7 

35  96 

I 

i  3  2 

956 

2 

435 

0 

52 1 

2 

28 

14602 

0 

593 

2 

0 

308 

2 

23 

709? 

I 

j 

24 

531 

3 

233 

0 

i  276 

3 

12 

332  1 

0 

1  20 

42 1 

2 

191 

1 

230 

1 

K 

_ — -  - - 

3453 

3 

Difference  between  the  Weights- -  -  -  -  -  203918  3  © 


.  ,  f  Brafs  guns  of  two  ffrff  rates,  —  203918  15  © 

Expenses  of  the  |  lron  diUo  —  —  S3io9  5  o 

We  get  £•  257028  o  o 

If  then  no  material  objection  can  be  made  to  this  pto- 
pofal,  fo  beneficial  to  the  nation,  I  humbly  hope  that  it 
\will  be  put  in  practice,  and  that  my  trouble  of  com- 
poling  it,  after  above  fifty  years  application,  to  theory  anti 
practice,  will  be  confide  red* 
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Proportion  of  Ammunition  for  the  following 
Troops,  being  the  Extra  Allowance  for  one 
Year,  commencing  the  25th  of  March, 
agreeable  to  King’s  Warrant,  1760* 
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N.  B.  The  proportion  of  ammunition  for  a  regiment 
of  foot  is  64  rounds  for  each  man  for  fervice,  at  6 
drachms  each  cartridge,  and  135  rounds  each  man  for 
exercife,  at  J  of  an  oz. 

Mufquet  flints,  3  to  each  man  for  fervice,  and  2  for 
exercife. 

Mufquet  balls,  to  to  each  man  for  exercife. 

The  proportion  for  a  regiment  of  dragoons  is  one 
pound  of  powder  for  fervice,  and  two  pounds  for  exef~ 
cife  to  each  man  |  each  cartridge  to  contain  the  fame  as 
thofe  of  the  foot. 

The  proportion  for  the  light  dragoons  is  6 4  rounds  for 
each  man  for  fervice,  at  J  of  an  oz.  each  cartridge,  and 
405  rounds  each  man  for  exercife,  at  3  drachms  each 
cartridge. 

The  battalions  of  militia  embodied  are  to  have  the 
fame  proportion  of  ammunition  as  a  regiment  of  foot, 
according  to  their  numbers. 

Office  of  Ordnance,  May  14,  1760. 

Form  of  a  Certificate  for  Ammunition  to 
be  addreffed  to  the  Right  Hon.  and  Hon. 
the  Board  of  Ordnance,  whenever  a 
Supply  of  Ammunition  is  wanted. 

THESE  are  to  certify  the  Right  Honourable  and 
Honouraole  the  Board  of  Ordnance,  that  the 
^  Supply  of  Ammunition  received  for  Ufe  of 
Regiment  of  or  Company  of 

under  the  Command  of  is'  nearly  expended 

in  the  Duty  and  Exercife  of  the  faid  '  Witnefs 

my  Hand  this  Day  of 

^'0  the  Rt.  H»n>  and  Hon .  the  Board  of  Ordnance* 
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itlOlL  Of  3 fiucs , 

Tottery  3  times, 

SFifJ.  1()  .The  depositions  of  J lines,  to  SBloiv 
up  the  Glacis  several  times . 


A.!B  .  C .  Third  Tarallef. 

n.IX.  Globes  ojf  Compression  . 

GrG-Gr  T  is  triers  . 
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